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This manual is developed for the exclusive 
use of technicians authorized to service 
the product(s) printed on the cover. — 


Due to legal requirements, no portion of 
the SERVICE DATA MANUAL can be reproduced 
or distributed without prior written 
approval from Heath Company. 
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a this book contains TE data for the: ET- 19 Robot. ET- 19- 2 Remote 
- Console and the ETA- 19- 1 Arm Controller Card. Also included is 
information on the Sonar system, Speech Synthesizer and. LCD- 
The Tc Data sheets: are arranged by part humbers. 
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s 40 Character x2lines 
® Built-in control LSI HO44780 
w +5V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size .... 182W x 35.5H (max.) x 13D (max.)mm | 


Effective display area ....... y.. 184.4W x 15.8H mm 
Character size (5 x 7 dots) ......... 3.2W x 4.85H mm 
Pitch’... 2.2 e ee okt Onan eee a Se TO 

Dot size ........2005. cash aw tepetnes 0.6W x 0.65H mm 
Weight 2... ccc cree ee ee eee nee reens about 65g 

ABSOLUTE MAXIMUM RATINGS 
. min. max 

Power supply for logic {(Vop —Vss) .----- 0 7.0V 
Power supply for LCD drive (Vop—Vo).... 0 =13.5V 

~ Input voltage (V;)........ pede aesera aus Vss Voo V 
Operating temperature (Ta) ..........6. 0 50°C 


- Storage temperature (Tstg).....52-2.. ~20 70°C 


’" ELECTRICAL CHARACTRISTICS 
~ Ta=25°C, Vop=5.0V £0.25V | | 
Input “high” voltage (Vin)... 2... cee ec ee 22 min, 


Input “low” voltage (Viu) «6... ee .. 0.6V max. 
Output high voltage (Von) (—lon20.2mA) . .. 2.4V min. 


 Qutput low voltage (Vou) (lov 21.2MA)..... 0.4V max. 
Power supply current (Ip) (Voo75.0V) ... 1.0 mA typ. 


— 3.0mA max. 
Power supply for LCD drive (Recommended) (Vpp ~Vo) 
ad ce | - Du=1/16 

at Tas Co ee eens Cre vena es 4.6 V typ. 


at Ta=25°C...... 


Fig. 1 Display pattern 
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e LMO18L 


H: Data read (LCD module~>MPU) 


L: Data write (LCD module MPU) | 


Enable signa! 


Data bus line 
Note (1), Note (2) 


Note: 
in the HO44780, the data can be sent in either 4-bit 2-operation or 
B-dit 1-operation so that it can interface to both 4 and 8 bit MPU’s. . 
(1) When interface data is 4 bits long, data is transferred using only 4 
buses of 0B,~OB, and 08, ~DB, are not used. Data transfer 
between the HD44780 and the MPU completes when 4-bit data is 
transferred twice. Data of the higher order 4 bits (contents of 
DB, ~DB, when interface data is 8 bits long) is transferred tirst 
and then lower order 4 bits (contents of OB, ~OB, when interface 
~~ data is 8 bits long). | ‘. | | 
(2) When interface data is 8 bits long, data is transferred using 8 data 
buses of OB, ~08,. om 
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Fig. 3 Block diagram 
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Vpp-Vo: LCD driving voltage 
VR: 10k2~20k2 


Fig. 4 Power supply 


ia 


8 


(? (CONTINUED) 


{ idth gn MRE SESE SEL aha cen Bee hy aa 


RS 


R/W 


DBe~ DB? 


tas. 


Sem: | ee ’ 


0.6V 4 


Valid Data , 


teve 


Fig. 6 Interfece timing (dete read) 
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Note 3, Definition of contrast “K" a | Note 4. Definition of optical response 
oe Brightness of non-selected seamen (B,) ate 
Brightness of. selected segment (B, | r | | 
a ccimonaat {| pachaedbepenvarad | | pemeasen 
Brightness curve for selected segment | CHE | ae pees (re = | 
ae fie Brightness curve for | Non-selected state a es 
& \ snon-selected segment | 7 ast 
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: $5 oint driving voltage * 
Note 5. Applied type: H2532A « H2535 - H2638A . 


Note 6. Applied type: LMOS6 - *LMO20L - » LMOS8  H2539 - H2570 - - LM015 - LM027 - *H2571 - *H2572 - LMO16L - LMO32L - LMO17L - LMOTBL - 


‘LMO41L > LMO44L - LMOS2L 
Note 7. Applied type: 2525 - LM200 - LMO21 - LM213B -LM211t- > LM212 - LM215 
Note 8. Viewing angle of LM200 - LM2138 - *UM211- -LM212 > -LM215; types 20 deg. 


‘HOW TO HANDLE THE LOUID CRYSTAL DISPLAY MODULE 


| This module is composed of the liquid crystal display device —«d(11)-«sMake certain that you are. ‘grounded when handling 


and the ‘CMOS LSI drive unit. When using LCM, please — LCM. | 
| coh the following precautions. a -Q) Before removing LCM from its packing case or in- 
“Since this module uses a CMOS LSI, the same careful _ corporating it into a set, be sure that the module and 
attention should be paid to static eee as for an your body have the same electric. potential. 
| ordinary cmos Co | (3) When soldering the terminal of LCM, make certain 


that the AC power source for the soldering i iron does. 


tt sl (conrinueD) | “ ne cheer — 


(4) When using an electric screwdriver to attach LCM, the 
screwdriver should be of ground potential. Try to 
minimize as much as possible any transmission of 
electromagnetic waves produced by sparks coming 
from the commutator of the motor. 

As far as possible make the electric potential of your 

_ work clothes and that of the work lhl the ground 

- potential. . 

(6) To reduce the generation of static sic, be 
careful that the air in the work are does not become 
too dry. (A relative humidity of at least 50% is re- 
commended.) | 


(5) 


— 


2. Be sure to handle the module carefully so as not to scratch 


or damage the glass and polarizer (plastic film) of LCM. 
(1) Do not drop, bend or twist LCM. 
(2) Do not strike or rub the display surface with a hard 
object, because the polarizer can easily be exposed 
and be damaged. Also, touching the module with 
bare hands is one cause of contamination. 
Do not allow any foreign matter uke oils and resins 
to stick to the module. 
in case any dust or dirt should stick on the display 
surface, wipe it off gently with soft gauze. Avoid 
wiping the display surface with solvents including 
thinner, IPA and trichloroethane. When wiping the 
display surface, use petroleum benzine (special! class) 
made by Nihon Sekiyu Co. or an equivalent product. 
(5) Avoid placing any object directly on the display 
surface for any length of time because it may leave 
marks. 


(3 


—_ 


(4 


3. ‘Since LCM has been assembled and adjusted with a high 


degree of precision, avoid applying excessive shocks to 

the module or making any alterations or modifications to 

it. . 

(1) Do not t alter, modify or change the shape of the clips 
on the metal frame. 

(2) Do not drill attachment holes in the printed circuit 

board, modify its shape or change the positions of 

components to be attached. 

_ (3) Do not damage or modify the pattern wiring on the 
printed circuit board. 

. (4) Absolutely. do not modify or ‘change the intercon- 
nector (conductive rubber) or touch it with another 
object. 

(s) Except for soldering the interface, do not make any — 
* alterations or modifications with a soldering iron. 
The precautions that should be observed when handling LCM 
have been explained above. If any points are unclear or if 
you. have any requests, please contact Hitachi. 


arly pains ‘use in ‘equipment requiring oo lf 
‘battery drive or backup. With the. development of multi — 
color LCDs, improvement in time-division drive character. 
istic, expansion of operating temperature, and otherim- 


provements, LCDs will be applied to an ever widing variety 


of products. and fields. Hitachi has developed — LCD-Il, a 
controller driver circuit employing | a dot matrix type of | 


cutout for English and numeric characters, and the 
HD44100, which is a driver circuit that can be connected to 
an LCD-Il device to enlarge their . display 
function, the HD44100 may be connected to any micro- 
computer to enable it to give-a liquid crystal display. 


_ _Liquid Crystel Oiaplay 
Time Division ~ Operation Display — - Signa Line 


ar oa SNR — We — 
Lerge (Duty ratio low) ‘Narrow Low Few 


LtCcO-t 


80 Pin Flat ) 60 Pin Fiat 
Plastic Package ‘Plastic Package 
LCD-Ii (HD44780) 
© Out 


The LCD-I is a CMOS controller-driver circuit that 
drives a S x 7-dot or 5 x 10-dot English and numerical dot 
matrix liquid crystal display according to the character data 
received from a 4-bit or 8-bit microcomputer. It contains all 
display functions needed for the display data RAM, 
character generators ROM and RAM, scanning spot drive 
circuit, and signal line drive circuit. It is most often applied 
to make up an English and numerical dot matrix type LCD 
system. 
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-. Margin Quality Required ; 


© Functions and Characteristics 
- Power-efficient CMOS process . 


_ * 80-pin flat plastic ia : 
© Character dataRAM...... -80-word x 8-bit (80 digits) 
- ies ice cous character: penetator ROM = 
Sx Fedot eee e+ 16 
Sx 10dot..-... oo 192 anes 
-“Rewritable according to. the ‘user’s request. 

e ‘Character generator: 1 A M (5 12-bit) =i 

5x J-dot ----- ee 

“$x 10dot.------ = 


_ The character. pattem written froth the CPU enables free 


- “character display. 


-@ Abundant instruction functions 


The instruction functions include full character data 


| RAM. clearing, cursor r control, aise de shift and display 
blinking. 


@ Display output _ 
_ Scanning spot ..... 16 (Duty ratio 1/8, 1/11 and 1/16) 
Signalline ... 40 (Expandable to 360 by extemal 
| | | connection of the HD441 


aT h) ee 5x 10 dots 8 digits . 8 digits ios digits 
wie 6 x? dots 16 digits 16 digits ‘80 digits” 


© Exch ngeable with 4-bit and 8-bit CPU interface pro- 


e ‘Aicattaea: 
Portable computer, word. processors, portable terminal 


_ equipment, electronic translators, electronic typewriters, 


‘general-purpose data mame industrial heateasiad etc. 


© 16-digit dot ita Sisley ( (1/16 ‘duty, v6 bias) 


© 80-digit dot matrix display (1/16 duty, 1/5 bias) — four 
H044100s connected — >: 


e 1ediigie dot matrix display (1/11 duty, 1/4 bias) 
— one 4044100 connected - 


+ 10nd Par Cosme 


@ 24 digit dot matrix display (1/8 duty, 1/4 bias) 
— two HD44100s ponnected = 


Fig. 2. Examples of LCD-I1’s liquid crystal display interface. 


HD44100 


© Outline 


~ from'a CPU or controller circuit, the HD. 
- “Converts the data into liquid crystal display drive wavefe orm. - 


cae 


The HD44100. is a CMOS ‘driver Circuit incorporating 


two channels of 20-bit bidirectional shift register, latch, and 
liquid crystal display drive circuit. Receiving serial data 


4100 latches and 


When two channels are con. . The HD44100 
may ‘be used | asa 40-signal-line drive circuit. ‘It can also. give 
time-division display byt using one channel. for scanning spot 
drive and the other for signal | line drive. ‘When a plurality of 


HD44100s. are. connected, a Jarge-capacity LCD ‘circuit 


results, 


° Functions and Char. acteristics 

. - Power-efficient CMOS | process 

* 60-pin flat: plastic package 

* 20-bit bidirectional shift register, latch and tiquid crystal 
display drive circuit x 2 channels 

* Freely selectable display duty ratio and bias 


- Large-capacity display permitting series connection _ 


4 Interface for CPU or controller circuit ...... | for serial — 


data and 3 for control signal 

° Functions tequired of CPU or control circuit ...... display 
data generation and serial transfer to HD44100, control 
of aati ‘ile } 


« *a0aeongnt> aa aa9h display (statich 


Fig. 3. Examples of HD44100's liquid crystal display intertoce. 


‘CONTROL LSI HD4-4780 (LCD-II) 


@ 5x7 and 5 x 10 dot LCD module controller driver 


CORRESPONDENCE BETWEEN CHARACTER CODE AND 


CHARACTER PATTERN 
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- Note: CGRAM Is ea CHARACTER GENERATOR RAM having 8 storage function of character 
pattern which enable to change freely by users program. 
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2.2 INSTRUCTION AND DISPLAY CORRESPONDENCE 
(1) 8-bit operation, Bdigit x Vine display (using internal 


(2 


—=—_ 


reset) 

Table 2.1 shows an example of Bit x “tine display in 
8dit operation. The HD44780 functions must be set by 
Function Set prior to display. Since the display data 
RAM can store data for 80 characters, as explained before, 
the RAM can be used for displays like the lightening 
board when combined with display shift operation. 

Since the display shift operation changes display position 


only and DD RAM contents remain unchanged, display - 


data entered first can be output when the return home 
operation is performed. 

4-bit operation, B-digit x 1-line display (using internal 
reset) 

The program must set functions prior to 4-bit operation. 
Table 2.2 shows an example. When power is turned on, 


8-bit operation is automatically selected and the first 


write is performed as an 8-bit operation. Since nothing is 
connected to DBy ~ DB3, a rewrite is then required. 
However, since one operation is completed in two accesses 
of 4-bit operation, a rewrite is needed as a function (see 
Table 8). 


Thus, DB, ~ DB, of the function set is written twice. 


nee (CONTINUED) 


(3) 8-bit operation, 8-digit x 2-line display 


For 2-line display, the cursor automatically moves from 
the first to the second line after the 40th digit of the 1st 
line has been written. Thus, if there are only 8 characters 
in the first line, the DD RAM address must again be set 
after the 8th character is completed. (See Table 2.3) 
Note that the first and second lines of the display shift 
are performed. In the example, the display shift is per- 
formed when the cursor is on the second line. However, 
if shift operation is performed when the cursor is on the 
first line, both the first and second lines move together. 
When you repeat the shift, the display of the second line 
will not move to the first line, the same display will only 
move within each line many times. 


inet! When using the internal. feset, the conditions in ‘Bodies 
Supply Condition Using internal Reset Circuit’ must be 
satisfied. If not, the HD44780 must be initialized by 
instruction. (See “Initializing by Instruction”) 


Operation 


‘Power supply ON (HD44760 is initistized by | 


_ | Wnitialized. No display appears. 


_| Sets to 8-bit operation end selects 


_| lines and character tont. (Number of dispisy 
_| lines and character fonts cannot be changed 
frente 
_ | Turns on display and cursor. Entire display is 
| in space mode because of initialization, 
Sets Mode to increment the address by ona and. 
_ | to'shift the cursor to the right at the time of 
write to the OO/CG RAM. , 
_ | Display isnot shifted. . 
-, | Write "H"°. The DD. RAM has already been 
. | selected by initialization when the power. is 
| turedon, , 
‘The cursor is incremented by one and shifted:to 
‘the right. : : 


Write DatwetoCGRAM/DDRAM 
v0 0100 1 o 


| Writes “1°, 


Write Data to CG RAM/DD RAM 
1004 6010-0 3 


Write Data to CG RAM/OD RAM 
170 © Oo + @ 0 6 0 oO 


writes 0", 


"Shifts only the cursor position to the left, 


00003100. "Shifts only the cursor position to the Ieft. 


ite Date to CG RAM/OD RAM 
oo 1 0000.1 3 


"MI CROKO 


| Writes “C™ (correction 


thetete, : | 


dais “4 ni 101 e¢ e ‘(urcaoco] Shifts display and cursor position to the right. 
ite Data fo CG RAM/OD RAM 
oo 10011014 


Returns both display end cursor to the original 
position (Address 0). 


-<)° 


-70 (CONTINUED) 
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‘Vine display | 


Table 2.3. 8-bit Operation, 8-digit x 2 line Display 


rier al eae da | ‘Shifts the display end cursor position to te 
000001131 4 © — —J right. ata 


Power supply ON (HO44780 is initialized by | 
the internal reset circuit) 


4.6 x7 dot character font. 


ON/OFF: Control 


Display ae 
ea 0 GQ -O- gO ny 


| Terason display and cunor, Entire cipieyinin | 


to shift the Cursor to the right, at the time of 


“write, to the DO/CG RAM. 
Display is not shifted. 
‘Writes "HH", 

The Cursor is incremented by one and shifts 


to the right, 


Write Data to CG: RAM/OD-RAM 
1 °o @ 1 
1 0. 1 1) 


oo 
© 


Hereafter, control is the same.as 8-bit operation. 


Example (Using internal Reset) 


i  Diptley # 


Power supply ON (HD44780 is initialized 
by the internalresstcircuith = 
| RS RW 08, ———~_____- oa, 

-{0 © 0 0 4 4 41 0 © © 


initialized. No displey appears. 


Sets to Bdit operation and selects 24ine display 
and & x 7 dot charecter font. 


Turns on dispisy end cursor. All display is in 
Space mode beceuse of initialization. 
Sets mode to increment the eddress by one and 
to shift the cursor. to the right, at the time of 
write, to the DD/CG RAM. 

Display is not shifted. 
Write “H". The DOD RAM has already been 
selected by initialization when the power is 
turned on, 

The cursor is incremented by one and shifted 
to the right. 


1 oOo 0 4 0 0 0 


Write Data to CG RAM/DD RAM . . 
10 0 100 1 00 7- eee ae 

Set OD RAM Address 

0 0% 100 0000 


Write Oats to CG RAM/DO RAM 
10 0 1001 


Sets RAM address so that the cursor is 
positioned at the head of the 2nd line, 


Writes “MM. Display is shifted to the right. 
The first end second lines’ shitt eve opersted 
et the same time. 


ite Date to CG RAM/OD RAM ITACHI 
0 0 410 60 1 41 0 41 


Returns both display end cursor to the original 
position (AddressQ), 


2.3 INSTRUCTION 


OFF control — 


Gisplay onilt 


" {nerement (#1) UO © 0: Decrement (=1) 


Accompanies Gisplay shift. 


Orsplay shifts. S/C © 0: Cursor move 


Shute tg.the right. 
Shits to the left, 
OL °0: 4bits 
_ N #0: tlne 


F ©0: 67 dow 


Internally operating 
Can accept instruction: 


Clears ail display and returns the 
Gureor to the home position 
(Address 0). 


flewurns the cursor t0 the home posi- 
tion (Address GO). Also returns the 
Gispley being shifted to the original 
postion. OO RAM contents roman 
unchanged. 


Sets the cursos move direction and 
specifies or not to shilt the display. 
These operations ase pertormed 
using Gata vetite end read. 


Sets ON/OFF of all display (D), 


cussor ON/OFF (C), end Dink of 
cursor position chacoctes (8). 


Moves the cursor and shifts ine 
Gisplay without changing OO RAM 
contents 


Sets intertece date length (OL) 
qumbber of display lines (i) and 
character tont iF}. 


Sets the CG RAM address. CG RAM 
Gata is sent and cecewwed efter this 
outting. 


Sets the OD RAM address. OD RAM 
Gate is sent and received after this 
eatting. 


Reeds Busy tiag (BF) indicating 
internal operation is being pertormed 
end seads address counter contents. 


Enecution time changes when 
‘| Grequency changes. 

(Exampre) 

Wenen tose is 270 abtz: 


Ous — © 33 us 


Note 1. 1/8 Duty, 1/11 Outy (L064, 12570, LMO1S, LM038, L027, 12579, 42572) 
"Note 2. 1/16 Outy ILAIOZ0L, LAUOZL, LMOIGL, LMOIZE, LMOI7L, LAMOIBL, LMOGIL, LOC4L) 


_* Don't care For details, safer to “HITACHI MICROCOMPUTER SYSTEM: DOT MATAIX LIGUIO CRYSTAL 
‘DISPLAY CONTROLLER & ORIVER LCO-8 11044700) USER'S MANUAL”. 
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ERB 


OPERATIONAL AMPLIFIER — 


~.. designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. | : 


@ No Frequency Compensation Required 


Low-Power Consumption 


® 

| © Wide Common-Mode and Differential Voltage Rangés 

@ 
@ No Latch Up 


FIGURE 1 — HIGH-IMPEDANCE, HIGH-GAIN 
INVERTING AMPLIFIER 


at 200 Ms? 


TL 0.1 uF 


. VEE 
FIGURE 2 — CIRCUIT SCHEMATIC - 


INVERTING 
INPUT 


{Power Dissipation (Package Limitation) 


#04221 C1458 


ee. 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT | 
wi JOUR MOTTO 


__GSUFFIX 
METAL PACKAGE 
CASE 601 


- LCSUFFIx — 
CERAMIC PACKACE 
CASE 632 
TO-116 


~ OUTPUT B 


INV INPUT (2) ae INV INPUT 


Onn | | > P2 SUFFIX 
NON INV INPUT - “PLASTIC PACKAGE 
CASE 646 
MC 1458;C (only) 


ut ~@ 


_ NON INV INP 


 PTSUFFIX 
_ PLASTIC PACKAGE 
: CASE 626. 

» MC1458,C (onty) 


Power Supply Voltage 

input Differential Voltage Range (1) . Vior +30 

Input Common-Mode Voltage Range (2) Vicr ee ed 
Output Short Circurt Duration 


Metal Can 
Derate above Ta = +25°C 
Plastic Dual In-Line Packagus 
Derate above Ta + 25°C 
Ceramic Dual In-Line Package 
Derate above Ta - +25°C 


Operating Ambient Temperature Range ee 


mw/2C 
mW 
mwiec 

mw ec - 
; mw/9C S 


Baio (eee 
-65 0 150 | 


#4UY2-21 MC1458. (CONTINUED) 


FIGURE 3 — TYPICAL FREQUENCY SHIFT KEYER TONE GENERATOR CIRCUIT 


' ELECTRICAL CHARACTERISTICS (Vcc - +15 Vdc, Veg « -15 Vde, Ta * +25°C unless otherwise noted.) 
MC 1458 


Characteristics 


input Bras Current 
Ta « +25°C 
Ta * Tow 0 Thr 


O00 we 3 OM pf P 
tO 
input Offset Current 
. Ta * +26°C . 
Ta Tow '0 Thigh 
Input Offset Voltage (Rg < 10k $2) 
Ta = +28°C 2 

Tk Tow thee ~ 20, 
Oifferentsal Input Impedance (Open-Loop, 


Wk -F 100% - Wk i FREQUENCY 
, { - : SHIFT 
Ole & O'eF OUTPUT 


0.001 uF T a | 0.001 uF 


a —-IBV bY 


tk 
ra 


= 
o 


12707 
SET 


1 20 Ha) at 


Parallel Input Resistance — 


Parallel Input Capacitance : 
. 1070 Hz 

LOGIC set 7 0k 
INPUT otk 


Common-Mode Input Impedance (f = 20 Hz) 


Common-Mode Input Voltage a 
Equivalent Input Noise Voltage | A Pa HEP 736 
(Ay * 100, A, - 10 k ohms, f * 1.0kHz, BW= 1.0 Hz) 


TCommon-Mode Rejection Ratio (f - 100 Hz) 


HEP ROOS2 


43k 


Open.Loop Voitage Gain 


Ta - +26°C | 

. (Vg*: tOV,R, 2.0 k ohms) 
Ta > Tiow to Thigh 
Ta « +25°C 


(Vo = + 10V, Ry - 10 & obrns) 
Ta - Tow to a, 3 | 


‘| Power Bandwidth - : 
(Ay = 1, Ry + 20k ohms, THO<5%, VQ © 20V pp) 


Unity Gain Crossover Frequency (open-loop) 


Phase Margin (open-loop, unity gain) 


Gain Margin | 
‘Stew Rate (Unity Gain) 
} 20 Hz) 
Short-Curcuit Output Current 


Output 4mpedance (f - 


Output Voltage Swing (Ry - 10 & ohms) Wwoae ze) 
Ry - 2k onms(Ta Tow to Tigh! 


5.0 V/DIV. 


: A. 
Pe a a Se alee! 


‘Average Temperature Coefficient of Input Offset Voltage 


Power Supply Sensitivity 
MEE = constant, A, = 10 k ohms 


Vec = constnat, R, « 10 k ohms) 


Power Supply Current — pray 
DC Quiescent Power Consumption . 


Pc 
(Vo = Ob 


@ For supply. voltages Of lass than + 15 V, the maximum differential input voltage i$ equal to ¢ (Vee + Vee). 
For supply voltages of tess than #15 V, the maximum input voltage 1s equal to the supply voltage (*Vec. - iVeeEl). 
@r,oy 0° tor Mc 1458 C - 
-§5°C tor MC 1958 
Thigh * 72°C tor MC1458.C 
+125°C tor MC 1558 


#U4U9-21 MC1458. (CONTINUED) 2 


Foy, Dine 


#4N2- 21 MC1458 (contiNUED) | 


ss TYPICAL CHARACTERISTICS | 
— (Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted. 


(LARGE SIGNAL SWING versus FREQUENCY) | 
" one 


ae AL 
COT CITC 
“CIE CT ATIN TT 
A ET 
Tete CCT CI 


"FIGURE 5 ~ OPEN-LOOP VOLTAGE GAIN 
__ versus POWER-SUPPLY VOLTAGE 


SES ED 
ENN SESE 


(VOLTAGE FOLLOWER)! 
£15 VOLT SUPPLIES 
THD <5% 


Vo. OUTPUT VOLTAGE (Vp) 


AVOL.OPEN-LOOPVOLTAGEGAIN(B) = 


10k = «10k 100k = OM so10M. 10 | 100 Ok Wk = 100k 
(FREQUENCY (Hz) | + {, FREQUENCY (Hz) 


FIGURE 8 — POWER DISSIPATION | FIGURE 9 — OUTPUT VOLTAGE SWING . FIGURE 10 — OUTPUT NOISE versus SOURCE RESISTANCE 
versus POWER SUPPLY VOLTAGE Ear 4 versus LOAD RESISTANCE a 14¢ 


i 
Hl 
itl 
i 
Nl 
NI 
Nt 


Vn, OUTPUT NOISE (mV{rms]) - 
oS 
o3 


Vo, OUTPUT VOLTAGE (Vp-p) 


To 
0.2 HH 
0.1 NE 0 Raa A 


Pp. POWER DISSIPATION (mW). 
~ 
°S 


0 6.0 10 14 18 22 100 200 500 10k 20k Spe, 40s Rg, SOURCE RESISTANCE (OHMS) 
Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) Ri, LOAD RESISTANCE (OHMS) 
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#yy2-53 555 1 


LINEAR INTEGRATED CIRCUITS 


DESCRI PTION 


The NE/SE 555 monolithic timing circuit is a highly stable 
controller capable of producing accurate time delays, or 
oscillation. Additional terminals are provided for triggering — 


or resetting if desired. In the time delay. mode of operation, 
the time is precisely controlled by one external resistor and 


capacitor. For a stable operation as an oscillator, the free — 


running frequency and the duty cycle are both accurately 
controlled with two external resistors and one capacitor. 


The circuit may be triggered and reset on falling waveforgas, 


and the output structure can source or sink up to 200mA 
or drive TTL circuits. . 


FEATU RES 


TIMING FROM MICROSECONDS THROUGH HOURS © 


e OPERATES IN BOTH ASTABLE AND MONOSTABLE 
MODES 


e ADJUSTABLE DUTY CYCLE 


© HIGH CURRENT OUTPUT CAN SOURCE OR SINK 
.200mA 


© OUTPUT CAN DRIVE TTL 


e ‘TEMPERATURE STABILITY OF 0.005% PER °C 


e | NORMALLY ON AND NORMALLY OFF OUTPUT 


APPL! CAT 1ONS 


- PRECISION TIMING 


PULSE GENERATION 
SEQUENTIAL TIMING 
TIME DELAY GENERATION 


PULSE WIDTH MODULATION 


PULSE POSITION MODULATION 
MISSING PULSE DETECTOR 


BLOCK DIAGRAM 


PIN. CONFIGURATIONS 


T PACKAGE 
(Top View) 


. Ground | 


. Control Voltage 
. Threshold 
. Discharge 


- Vee. 
‘ORDER PART NOS. SE555T/NESS5T 


V PACKAGE |. 
(Top View) 


. Ground 
. Trigger — 
. Output 
. Reset. 
- Control Voltage 
. Threshold 
. Discharge 
- Vee 
ORDER PART NOS. SE555V/NES55V 


ABSOLUTE MAXIMUM RATINGS 


‘Supply Voltage +18V 
Power Dissipation - i 600 mW | 
- Operating Temperature Range 
NE5S5S5 — 0°C to +70°C 
SE555 : —55°C to +125°C | 
Storage Temperature Range —65°C to +150°C | 


Lead Temperature (Soldering, 60 seconds) = +300°C 


#Ml2-53 


555 


#4YN2-55 555 (coNTINUED) 


Supply Voltage 
Supply Current 


~ Voce =5V RL = 0 
- Voc = 18V Ry = 00 | 

Low State, Note 1 

Ra. Rg=1K2t0100KN 
C=0.1uF Note2 


Timing Error 
Initial Accuracy 
Drift with Temperature 
Drift with Supply Voltage 
Threshold Voltage 
Trigger Voltage. 


Vcc = 15V 
- Vee= 8V 


Trigger Current 

Reset Voltage 
Reset Current __ 

-.- Threshold Current - 
Control Voltage Level 


Note 3 
| Vee = 15Vv 
_~Vec= SV 
Vcc = 15V 
ISiINK = 10mA 
ISINK = SOMA 
ISiInK = 100mA 
isin = 200mA 
Veco =5V 
1 Ising = 8mA_ 
ISINK = SMA 


Output Voltage Drop ( low) . 


Output Voltage Drop (high) | 

| Yeo=18v0 

‘| 'souRCcE = 100mA 

Vcc = 18V 

. Vec= 5V 
Rise Time of Output _ 

Fall Time of Output nsec 
NOTES: 
1. Supply Current when output high typically 1mMA less. 
2.. Tested at Vcc = SV and Vcc = 15V 

_ 3. This will determine the maximum value of Rat Rg For 15V operation, the max total R= 20 megohm. 

EQUIVALENT CIRCUIT 


oe Nek ae, oe Sn rencontre: 


Adt I T 
Samil 


out 
CE iS 


fy Chrome mmatens qpansan 


., S| 


* 
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ee | | aes | paaeecers sats 
Typical Cha racteristics 
MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 
i | 
3 
S 
3 
2 
a 
Fy 


LOWEST VOLTAGE LEVEL OF TRIGGER PULSE - X Voc 


LOW OUTPUT VOLTAGE 
_ ys OUTPUT SINK CURRENT 


- Vout — volts 


NORMALIZED DELAY TIME 


.. t 0. we.  . 
SUPPLYVOLTAGE<volts. 


#4Y2-53 555 (coNTINUED)3) . 


SUPPLY CURRENT — mA 


(NORMALIZED DELAY TIME 
magus 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


SUPPLY VOLTAGE — volts 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT - 


DELAY TIME 
vs TEMPERATURE 


O +25 +50 °75 #100 °126 
TEMPERATURE-°C° 


PROPAGATION DELAY — neec 
= 
& 


| A oso mt t 


LINEAR INTEGRATED CIRCUITS 8 555 


HIGH OUTPUT VOLTAGE 
vs OUTPUT 
SOURCE CURRENT 
2.0 
“CTT Loe 
Pt tT 


1 bnmtnee 

oo co a EA 

eee ee 

ade Ne 
espe cece : 


source - mA 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 


o Ot 0.2 
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE — X Voc 


03 0.4 


Ll. oe Reha) PF eta eee 


#4N9-53 555 (CONTINUED) 


bere” 


72311 


aximum Input Biss Current...300nA 


tes “Maximum Input Offset Current... 70 nA 
National © Can Operate From Single 5-V Supply 


fangs of power supply voltage, Including £16-volt supplies for operational: amplifiers: and 5-volt: supplies-for logic 
__ Systems. The output levels ‘are compatible with most OTL, TTL. and MOS circuits. These comp arators are capable of 

__ Gtlving lamps oF relays and switching voltages up to 50 volts et 50:milliamperes. All inputs and outputs can be-isolated | 
from ‘system ground. The outputs can drive loads referenced to ground, VCC+. of VeC_. Offset balancing and strobe 
- | ‘Caped ility ere aveileble and the outputs can be wire-OR connected. If the probe input is low. the Output will be in the 

regardless of the differential input. Although slower than the TL606 and TL514, these. devices are not as 


“sensitive to spurious oscillations. 
The LM111 is cheracterized for operation over the full military 
Characterized for operation from 0°C to 70°C. oF 
SOW ouaL-ueE 


‘temperature renge of 55°C to 125°C; the LM311 is 


IGOR PDUAL-IN-LING 


ror view 


L PLUG.IN PACKAGE 


9a 208. IN ELECTRICAL 
“CONTACT WIT THE Case 


Belence 
Belence/Strobe 
Cotlector Output 

“ Emitter Output 
Noninverting input 
trwerting input 

‘Ne Interne! Cannection 
Positive Supply Voltage 
Negative Supply Voltage 


‘Reciner volues chown are nominel end in ohms 


#442-75 M311 


N NC OL-S 7611797, SEPTEMBER 1973-REVISED JULY 1976 _ Paul es ae 


voltage comparators. These devices are: designed to operate from's wide 


. Ho-'tnput Offset Current—na 


ak eres 


VQ—Output Vottage-V ms - a — are 


TYPICAL CHARACTERISTICS 


“INPUT BIAS CURRENT 
“es 


 ANPUTOFFSETCURRENT . 


-FREE-AIR TEMPERATURE 


Vecsey | 
Voge tVioteV: 


“| conpin CONDITION 2 
AERC PRTT 
th Pe ee 

“70 0 20 40 60 @0 100120 140 

are Free-Aw Temperatuse—"C 

: 2 ; ‘FIGURE 1 oak 


 Np=tmput Biss Current nA 
sseeRr eR ERE 


-60-40-20 0 20 40 60 80 100 
 Ta-Free-Au Temperature-°C 
FIGURE 2 


ov SOV Mmnth 
aay aman 


~Vece* YU 
| S$ tas: 


VOLTAGE TRANSFER CHAR .CTERISTICS 


[la s2c | | 


TEMITTER OUTPUT | 
“Ri 6009 


COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 
Voce" WV 


COLLECTOR 
OuTPut 
Ay + Uke 


05 


Vip: Ortterentrat input Voltage- mV 


EAMTTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR-FIGURE 3 


: FIGURE 3 


NOTE 6: Condition 1 is with the belence end betenca/strobe terminals open. Cendition 2 ts with the balance ond balence/swebe. terminete 
. ‘connected to Vcc. 


TEXAS INSTRUMENTS 
: SNC ORMFORAITEL DO 


er, ae eee bogitces 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) — 


E 
cll 


|_ 01070 _| 
|__300__| 
|__ 260 


J, SG, L, of U package - 
Nor P package | 


level (ground) of the supply voltages where the 
of the system is not the midpoint of 


—65 to 160 


Lead temperature 1/16 inch from case for GO seconds _ 


All voltage values, untess otherwise noted, are with respect to the zero-reference 
zero reterence level is at the midpoint between Voce 89d Vec-- if the sero-reference level 
the supply voltages, of! voltege values must be edjusted accordingly. . , 
. Ditterential voltages ere.ot the noninverting input terminal with respect to the inverting input terminal. 

. The magnitude of the input voltege must never exceed the magnitude of the supply voltage or 2 16 V, whichever is less. 
_ The output may be shorted to ground or either power supply. 


. For operation above 25°C free-air temperature, rater to Dissipation Oereting Curves, Section 2. 7 


NOTES: 1. 


“electrical characteristics at specified free-air temperature, Vcc: = 2 15 V (unless otherwise noted) 


oatnputoftset voltage 


input offset current 


input biss current [Vos tviotay 
Low-level strobe current | Vistrobe) £9-3V. Vin S$ —1O mv 
“Common-mode input woeoe Oe Garasets ie os 
voltage range rs 
Large-signal differentiel 
voltage emplification 


Avo 


'o "High-level (collector) Vio-SmVv,  Von* 35¥ 


. ‘output current: 2 


Vou = 38 V_ 


Low-level (cotlector-to-2mitter) 


Vo - as Gi 
et Output voltage 


oe ee : Vip* -10 mv. 
‘Supply current from Vcc, See 
output low | 
_ Supply current from Vcc-.. - 
output high ; 


Vip=-10mv, No load 


Vip * 10 mv, No toad 


aed Uniess otherwise noted, ol) cheracteristics ere measured with the belence end belence/strobe terminals open end the emitter output grounded. 
Full cange for LM111 fe -65°C to 126°C ‘end for LM311 Is OC to 70°C. a 2 
Paw sypicel vetueserostTas 26°C 
NOTE 6: The offset nd 


Icc- 


a 2° with ‘@ pull-up resistor of 7.5kN to Voce. Thus these perameters actually define an error bend and teke into account the 
worst-case effects of voltege gain and input impe ante: re ; —_ 


~ #442-75 L311 (continueD) 


~ switching characte 


volteges and offset currents given ere the meximum velues required to drive the collector output up to 14 V of down to 


#442-75 LM311 (conTINUED) 


ristics, Vec+ = 15 V, Vec— = —15 V. TA = 25°C 
PARAMETER 
oe nao | ee Pe ee 


NOTE 7: The response time specified is for a 100 mV input step with S-mV overdrive. 
The typical velues are apecitied for e nominal threshold voltage of 1.4 V. 


TEXAS INSTRUMENTS © 
eas venae 70222 | fy ut, 


| aKa. 612 LNS86N-4 
dio/Radio C ircuits 


The LM386- isa 1 power amplifier designed f for’ use in: daw’ es . Voltage. gains from 20 to. 200, 

voltage consumer applications. The | gain | is” internally es Ground referenced input 

set to 20 to keep external part. count low, ‘but the 8 Self- -centering output quiescent ow 

addition of an external resistor and Capacitor between © Law-distortion” 
» . pins 1 and 8 will ‘increase the gain. to any value up ee 

to 200. ts _ 8 Eight pin dual-i rline package a 

The inputs are aad pitas adi while the adtpot is | 

automatically biased to one half the supply voltage. The Applications. 

quiescent power | drain i is only 24 milliwatts when oper-- AM- FM radio amplifiers 

ating from a 6 volt supply, making. the L366 ideal Portable. tape player amplifies. 

for: natinry. ‘peration.. < “Intercoms — | 


TV sound systems i Gite eas 
toe ener 


a : o. operation 


_§ Minimum external parts er ea. nic dr 
@ Wide supply voltage range 4V—12V or + BV—18V — Small yor tae. 
® Low quiescent, current drain on . 4mA Power converters : 
Equivalent Schematic and Connection £ Diagrams : 
Amplifier with Gain = 200 
Dual-in-Line Package | Vs 10uF 


TOP VIEW 


Order Number LM386N-1, 
LM386N-3 or LM386N-4 
See NS Package NO8B 


Output Power (Pour) 


| Total Harmonic Distortion (THD) 
ten — 5 scadeain Ratio (PSRR) 


- Input Resistance (Rin) | 
‘ Input Bias Current (lgias) 


Absolute Maximum Ratings 


Supply Voltage (LM386N) 
Supply Voltage (LM386N-4) 
Package Dissipation (Note 1) (LM386N-4) 


- Package Dissipation (Note 2) (LM386) 


Input Voltage 


PARAMETER 


Operating Supply ee Vs) 
LM386 _ 
LMS86N-4 | ar : | 


Quiescent Current (lq) 


LM386N-1. 

LM386N-3 

LM386N-4 | 
Voltage Gain we 


Bandwidth (BW) 


Note 1: For operation in ambient ‘cctperatures 


thermal resistance of eee junction to embient. 


Vs = eV, Vin me 0 


22V0—COi«*” 
1.25W 
| 660 mW 


F  £04V00 ~~: 
Electrical Characteristics Ta = 26°C 


Vg = 6V, R, = 80, THD = 10% 
Vg = 9V, Ry = 82, THD = 10% 
Vg = 16V, Ry = 32, THD = 10% 


Vs =6V,f21kHz 


10uF. from Pin 1 to 8 


Vs = 6V, Pins 1 and 8 Open 
Vs = 6V, RL - 80, Pour = 125mW 
f= ' kHz, Pins 1 and 8 Open: 


Vs = 6V, f= 4 kHz, Coveace = 10uF 
Pins 1 and 8 Open, Referred to Suet 


CONDITIONS _ 


Ve = 6V, Pins 2 and 3 Open 


es te Storage Temperature ~ eee . -65°C to +150°C 
- Operating Temperature 0°C to +70°C 
Junction Temperature — | 160°C 
i? Lead Temperature (Soldering. 10 0 seconds) +300°C 


above 26°C, the device must be Gerated based on a 150°C maximum junetion temperature anda 
thermal resistance of 100°C/W junction to ambient. . 
’ Note 2: For operation in ambient temperatures above 25°C, the device must be derated peed ona 180°C m maximum junetion ts temperature and a 


—-#442-612 LMB86N-4 (conTINUED) 


#y42-612 LMB86N-4 (CONTINUED) 


Application Hints. 


GAINCONTROL 


To make the LM386 a more versatile amplifier, two pins. 
(1 and 8) are provided for gain control. With pins 1 and — 


8 open the 1.35 k& resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 1 to 8, bypassing the 
1.35 kQ. resistor, the gain will go up to 200 (46 dB). If 


a resistor is placed in series with the capacitor, the gain — 
can be set to any value from 20 to 200. Gain control can | 


also be done by capacitively coupling a resistor (or FET) 


from pin 1 to ground. | 


Additional asiternal craponents can be saad in parallel 
with the internal feedback resistors to tailor the gain and 


frequency response for individual applications. For ex- 


ample, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 1 to 5 (paralleling the internal 


- 45kQ resistor). For 6 dB effective bass boost: R = 15k%2, 


the lowest value for good stable operation is R = 10 kQ 
if pin'’8 is open. If pins 1 and 8 are bypassed then R as 


hs _ ow as 2 k& can be used. This restriction is because the 
i” amplifier is only compensated for closed- "loop: gains 
“greater than. 9. | 


INPUT BIASING 


The schematic “shows that both inputs are biased to 


ground with a 50 kQ resistor. The base current of the 


input transistors is about 250 nA, so the inputs are at 


about. 12.5 mV when left open. If the dc source re- 


sistance driving the LM386 is higher than 250 kQ it will 


contribute very little additional offset (about 2.5 mV at 
the input, 50 mV at the output). If the de source 


- resistance is less than 10 kQ, then shorting the unused 


input to ground will keep the offset low (about 2.5 mV 
at. the input, 50 mV at the output). For de source 
resistances between these values we can eliminate excess 


offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 


course all offset problems are eliminated if the input is 
capaci ee pled. © 


When using the. LM386 with higher gains (bypassing 
the 1.35 kQ. resistor between pins 1 and 8) it is necessary 


to bypass the unused input, preventing degradation of 


__ gain and possible instabilities. This is done with a 0.1uF 


capacitor or a short to ground depending on the dc 


source resistance on the driven input. 


Characteristics: 


#4u2- 612 LM386N-4 
(CONTINUED) 


"SUPPLY CURRENT (mA) 


goer “Voltage Gain vs + Frequency 


VOLTAGE GAIN(#8) 


DEVICE DISSIPATION (W) 


vs Supply Voltage 
os 


re ee ‘a we tk 106 100K 


. Bake Dissipation vs aah 
Power— an Load 


@ oo 
° 8 pt = 82 03 604 | O06 ; 


Power Supply. Rejection: Ratio: 
(Referred to the Output) 
vs me Franny 


» Gudenont Supply Current. . 


‘OUTPUT VOLTAGE (VOLTS PEAK-TO-PEAK) 


POWER SUPPLY REJECTION (8) 


SUPPLY VOLTAGE (WoLTs)  BREQUENCY (2) SUPPLY VOLTAGE (VOLTS) 


| _ Distortion vs Frequency Me nae, Distortion vs Ou seman 


att : 
7 em 


TOTAL HARMONIC DISTORTION *) | 


TOTAL HARMONIC DISTORTION(X) 


20 50 100 200 500 tk 2k oh 10h 20k 7 0.001 0.01" “Ot aT 
FREQUENCY (Hz) POWER OUT (WATTS) 


FREQUENCY (Hz) 


4 


| ; Device Dimipaton vs Output, _ 


Power—82 L 


| ’ Device Dissipation vs Output 
_ Power—162 Load 


0100203 0408 06 O07 OC80818 | 
OUTPUT POWER (W) 


0 02 0405 05 1.012 14 15 18 28 


_ OUTPUT POWER (W) ‘ - QUTPUT POWER (W) 


] ] } : ] 
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“ Voltage | Comparators 


LM139/LM239/LM339, LM139A/LM239A/LM339A, M2901, | 


LM3302 low power low offset velage quad eee | 


general description 


The £M139 series consists of four independent: 


precision voltage comparators with an offset volt- 


age specification as low as 2 MV max for all four — 
comparators. These were designed specifically to . (% 


operate from a single power supply over a wide 
range of voltages. Operation from split power 
supplies is also possible and the low power supply 
curtent drain is independent of the magnitude of 
the power supply voltage. These comparators also 
have a unique characteristic in that. the input 


common-mode voltage range includes ground, — 


even though operated from a single power supply 
voltage. 


Application a areas include limit ssenparetars simple 


analog to digital converters; pulse, squarewave and 


time delay generators; wide range VCO, MOS clock 
timers; multivibrators and high voltage digital logic 
“gates. The LM139 series was designed to directly 
interface with TTL and CMOS. When operated 
from both plus and minus power supplies, they 
will directly interface with MOS fogic— where the 
low power drain of the LM339 is a distinct advan- 
tage over standard comparators. | 


advantages 


® High precision compaiators 
® Reduced Vos drift over temperature 


@ Low output 


Eliminates need for dual supplies 
Allows sensing near gnd 


a 

o 
 @ Compatible with all forms of logic 

a 


‘Power drain: suitable for battery operation 


| features 


@® Wide single supply voltage harige or dual sup: 
plies 


LM139 series, 2 Voc to 36 Voc or 
LM139A series, LM2901 +1 Vpc to 18 Vac 
‘M3302 : 2 Vpc to 28 Vic 


or t1 Voc to +14 Voc 


e Very low ‘supply current drain (0.8 mA) — 
independent of supply. voltage (2 mW/compara- 
‘tor at +5 Voc) 


@ Low input biasing current 25 nA 
@ Low input offset current — +5 nA 
and offset voltage t3mV 


o Input common- -mode voltage range includes gnd 


® Differential input voltage range equal to the 


power supply voltage 


250 mV at 4mA 
‘saturation voltage 


| ® Output voltage compatible with TTL, DTL, 


ECL, MOS and CMOS logic systems — 


‘schematic and connection diagrams _ Dual-tn-Line and Flat Package 


Output) OUTPUT 4 «= GND) INPUT 4+ INPUT a. INPUT 3+ INPUT 3. 


OurPuT2 QulPuTt Vv wNPUEY INPUT Ie INPUT 2 twPUT a: 
TOP view 


Order Number LM129D, LM139AD, Order Number L139), LM139AJ, 
LM239D or LM239AD LM239J, LM239AJ, 1.M335J, 
See Pack age 1 LM339AJ, LM2901J or LM3302J 
See Package 16 
Order Number LM139F, LM139AF, Order Number LM339N, LM339AN, 
LM239F or LM239AF LM2901N or LM3302N 
See Package 4 See Pack age 22 


a) Voc 
_ g 


Basic Comparator Driving CMOS Driving TTL 


absolute maximum ratings 
: 2 LM139/LM239/LM339° , a+ 


LM139A/LM239A/LM339A 
LM2901 


'LM3302 


36 Voc or t18 Voc 
36 Voc 


Supoly Voltage, vt 
Oifferential Input Voltage 


28 Vpc or £14 Voc 
28 Voc 


Input Voltage ~0.3 Voc to +36 Voc ~0.3 Voc to +28 Voc 
Power Dissipation (Note 1) : 
‘Moided O1P © 570 mw 570 mW 
Cavity DIP — * 900 mW 
Fiat Pack 800 mW 
. Output Short-Circuit to GND, (Note 2) : = Continuous Continuous. 
Input Current (Vin < -0.3 Voc). (Note3) .... 50mA er  50mA. 
te Operating Temperature ig es oo : a re -40°C to +85°C 
UM339A 0°C to +70°C. eae 
- LM239A— ~ 28°C to +85°C 
LM139A -§5°C to +125 C . 
Storage Temperature Range -65°C to +150°C - 65°C to +150°C 


Lead Temperature (Soldering, 10 seconds) 300°C ate 300°C 


_tiat® * (CONTINUED) 


_electrical scheractorstics (vt =5 Voc: Note 4) 


aoe at i ii M1398 —s|-sLM239A, L394 amaze _LM239, M339 = _ Eee, 
PARAMETER CONDITIONS 3 _ {§$$—$$________}. —— | UNITS 
q “ 4 MIN: TYP. - AAX MIN TYP MAX — 
ohne 1 inc ore Gene. 0 20 | 20 +50 a ae 
Input Bias Current 1 HinG+) oF tig(—) with Output in 500 | nApc 
: ‘Linear Range, Ta = 25°C, (Note 5) 7 : ee 
input Offset:Current 4} UNG) — UNC) Ta 2 25°C £100 ; nADC 
input Common-Mode Voltage Ta > 25°C, (Note 6) 7 MEST voce 
Range | | : ; Se 
_ Supply Current | RL = onal Comparators, Ta = 25°C 2. ‘mADC 
| RL ==. Vv" = 30V. Ta = 25°C | mAoc 
Voltage Gain -| RL > 15kQ, V* = 15 Voc (To | v/mv 
; * | Support Large Vg Swing), Ta = 25°C eS 
Large Signal Response Time : Mae = TTL Logic Swing, VREF = = 7 . ns 
: 1.4 Voc. VAL = 5 Voc. At = 5.1 k2, = 
; Ta = 25° c om : : 
Response Time | Vac 25 Voc. Ri = 5.1 k2: us 
: aa Ta =.28°C, (Note 7) Lian 8 | cine 
Output Sink Current Vin(-) 2 1 Voc. VNC = 0, ; : mADC 
Yo $1.5 Voc. Ta=25°C — 4 
Saturation Voltage Mint) 21 Voc. ViN(+) = 0, 250 500 mVDC 
eee ‘| tsink S4mA, Ta = 28°C soe ; 
 Qutput Leakage Current. §— | Vin(+y 21 Voc. VIN(-) =. AADC 
“| VQ= 5 Voc. Ta = 28°C 
Input Offset Voltage =| (Note 9) : | 40 | mVpc 
Input Offset Current HN) = lint) : , 300 | "Apc 
Input Bias Current HN) or finy(—) with Output in 1000} nApc 
3 Linear Range Bee i 
input Common-Mode Voitage : ‘ ee es v*-2.0} Voc 
Range ae 
Saturation Voltage . - MIN(-) 21 Voc. Ving+) = 9, 700 © mVpce 
| ISINKS4mA , a 
Output Leakage Current Vin(+) 2 1 Voc. Vin(-) = 9. 1.0 | “ADC 
Vo = 30Vpc 
Differential Input Voltage Keep all Vin's > OVoc (or Vv", Vcc ‘Voc 


if used), (Note 8) 


Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for 
the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be cerated based on a 150°C maximum junction temperature. The low bias dissipation and the ’‘ON- 
OFF’’ characteristic of the outputs keeps the chip dissipation very smal! (Pp < < 100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to Vt can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA independent of the magnitude of Vt. 

Note 3: This input current will only exist when the voltage at any of the. input leads is driven negative. 1t is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators to go to the 
V+ voltage level (or to ground for a large overdrive) for the time duration that an input ts driven negative. This is not destructive and normal output states will re-establish when the input woltane which was nega- 
tive, again returns to a value greater than —0.3 Voce 

Note 4: These specifications apply for vt = 5 Voc and -55°C <Tas +125°C, unless otherwise stated. With the LM239/LM239A, all temperature specifications are limited to 28% < Ta < +85° C, the 
LM339/LM339A temperature specifications are limited to O°C < Ta < +70°C, and the LM2901, LM3302 temperature range is—40°C < Ta < +85°C. ? 
Note 5: The sirection of the input current is out of the IC due to the PNP input stage. This current is essentially constant, migependent: of nes state of the output so no loading change exists on the sein or 
input fines. 

Note6: The input common-mode voltage or either input signal voltage should not oe allowed to go negative by more than 0: Vv. The upper end of the common-mode voltage range is Vt —1.5V, but either or both 
inputs can go to +30 Voc without damage. ; 
Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdkive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common- -mode range, the comparator will provide a proper output state. The low 
input voltage state must not be less than -0.3 Voc (or 0.3 Voc below the magnitude of the negative power supply, if used). 

Note 9: At output switch point, Vo = 1.4 Voc, Rg = 02 with V* from 5 Vac; and over the full input common-mode range (0 Vpc to V* -1.5 Voc). ° 

Note 10: For input signals that exceed Vcc, only the overdriven comparator is affected. With a ey supply, Vin, should be limited to 25V max, and a limiting resistor should be used on all inputs that might 


exceed the positive supply. 
eens wees eee 


ai 


(CONTINUED) 


breed 


Aypleat performance characteristics LM139/LM239/LM339, LM1394/LM239A/LM339A; M3302: 


Supply Gaitent 


SUPPLY CURRENT (mA) ~ 


SUPPLY VOLTAGE (Voc) 


OuTeuT VOLTAGE. 
Vo (V) 


INPUT VOLTAGE, 


r Appt Current 


_Muntemn * 8 Voc 
Rinica : > 1032 


lng — INPUT CURRENT (nAgc) 


Response Time for Various 


- Input Overdrives — Negative 


Transition | 


we 
o 
= 
40 20 mV: te 
e> 
30 [4-7 ‘Le 
2.0 4 
10 e 
0 vest 
¥ i 
0 > 
‘ ~€ 
-50 -— o= 
2 
-100 4 5> 
2a 2 


a CTT san 


INPUT OVERDRIVE 


TIME ee) 


typical performance characteristics LM2901 


Su DP IY Current. 


- SUPPLY CURRENT (mA) 


V', SUPPLY VOLTAGE (Voc) 


| EGoE® 


OUTPUT VOLTAGE, 
Vo (V) 


InpuT VOLTAGE, 
Ven (mv) 


(CONTINUED) 


Input Current 


ling. INPUT BIAS CURRENT (nA) 


“__V*, SUPPLY VOLTAGE (Voc) 


Response Time for Various 
Input Overdrives— Negative 
Transition 


OUTPUT VOLTAGE, 
Vo (Vv) 


INPUT VOLTAGE. 
Ving (mV) 


TIME (usec) 


"> yt SUPPLY VOLTAGE (Voc) | 


Output Saturation Voltage 


Vo ~ SATURATION VOLTAGE (Voc} 


to - OUTPUT SINK CURRENT (mA) 


- Response Time for Various 


“Input Overdrives — Positive . yb, 


Transition 


“INPUT OVERDRIVE = 100 mv wi 


TIME (usec) 


Output Saturation Voltage , 


Vo, SATURATION VOLTAGE (Voc) 


40 


Ig, OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives—Positive 
Transition 


- 0 605 10 15 2.0 
TIME (see) 


| ees 


a area 


application hints 


The LM139 series are high gain, wide bandwidth 
devices which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed 


to capacitively couple to the inputs via stray 


capacitance. This shows up only during the output 
voltage.transition intervals as the comparator chan- 
ges states. Power supply bypassing is not required 
to solve. this problem. Standard PC -board layout 
is helpful as it reduces stray input-output coupling. 


Reducing the input resistors to < 10 kQ2 reduces | 


the feedback signal levels and finally, adding even 
a small amount (1 to 10 mV) of positive feedback 
‘(hysteresis) causes such a rapid transition that 


oscillations due to stray feedback are not possible. 
Simply socketing the 1C and attaching resistors to | 


the pins will cause input-output oscillations during 


the small transition intervals unless hysteresis is. 


used. If the input signal is a pulse waveform, with 
relatively fast rise and fall times, hysteresis is not 
required. 


All pins of any unused comparators should be 


grounded. 


The bias network of the LM139 series establishes a : 
‘drain current which is independent of the magni- 


tude of the power supply voltage over the range 
of from 2 Voc to 30 Voc. 


- It is usually unnecessary to use a bypass capacitor 
. across the power supply line. 


One-Shot Multivibrator 


typical applications (vt eae 


“#42616 (conrinueD)—— 


The differential input voltage may be larger than 
Vt without damaging. the device. Protection should 
be provided to prevent the input voltages from 
going negative more than -0.3 Voc (at 25°C). An 
input clamp diode can be used as shown in the 


applications section. ° 


The output of the LM 139 series is the uncommitted 


collector of a grounded-emitter NPN output tran- 
sistor. Many collectors can be tied together to 
provide an output OR’ing function. An output 
pull-up resistor can be connected to any available 
power supply voltage within the permitted supply 
voltage range and there is no restriction on this - 
voltage due to the magnitude of the voltage which 
is applied to the V* terminal of the .LM139A 
package. The output can also be used as a simple 
SPST switch to ground (when a pull-up resistor is 
not used). The amount of current which the — 
output device can sink is limited by the drive 
available (which is independent of V*) and the 6 
of this device. When the maximum current limit 
is reached (approximately 16 mA), the output 
transistor will come out of saturation and the 
output voltage will rise very rapidly. The output 
saturation voltage is limited by the approximately 
6OQ r,,, of the output transistor. The low offset 
voltage of the output transistor (1 mV) allows 


the output to clamp essentially to ground level 


for small load currents. 


Bi-Stabie Multivibrator 


* typ cal. applications (con't) (v*= 15 Voc) 


. Ve 
(PUT GATING SIGNAL 


¢ at 


- Time Delay Generator 


16 (CONTINUED) 


ro oo 


ALL O1ODES = | 
ry a 


Large Fan-in AND Gate 


' ORing the Outputs 


Vour 


#442-616.(conrinueD) 


na 


#5 100 8H, 


O Vous 


Squerewave Oscillator 


Low Frequency Op Amp - 


OFFSET 
40j. 


Low Frequency Op Amp with Offset Adjust 


» Low Frequency Op Amp 
(Vo =0v for Vin = ov) | 


© FOR LARGE RATIOS oF die 
OVCAN af Fowrr reg: 


Pulse Generator 


MAGNETIC 
PERU 


Transducer Amplif ier 


Zero Crossing Detector (Single Power Supply) 


~ 


| split-supply applications (v* = +15 Voc and V" =-15 Voge] 


7 -616 y 
cate (CONTINUED) 


. STROBE 
, iwPul 


- @OR LOGIE GATE” 
WITHOUT PULL UP RESISTOR 


MOS Clock Driver , . | | Comparator With a Negative Reference 


Comparing input Voltages Basic Comparator. me ~ . . Output Strobing 
of Opposite Polarity — ae 


Ve 


FREQUENCY SIL 
rome © cre 
input 


Output 2 
a 


WW 


a Le of oak 
ne MB Vor < Ve < 988 Vor : 
a Tea TC 


_Two-Decade High-Frequency VCO 


WP U2 Vee 


CRYSTAL 
OOH 


Limit Comparatct _ ~ .- Crystal Controlled Oscillator 


#442616 (conTINUED) 


"aetna of. Fairchild 


GENERAL DESCRIPTION - The. -4A7800. ‘Series. -of monolithic - Three-Terminal, Positive Voltage 


ild. lanar® epitaxial. process. These regulators employ 

al. shutdown | and safe-area. n tion, making. them essentially 
iver over 1A output current. They 
of. distri 
‘voltage. regu 


.. these devices can be used with external components to 


regulators. : 
: OUTPUT. CURRENT IN EXcESs c OF 1 AMP. 
‘NO: EXTERNAL COMPONENTS 


6 

@ 

e INTERNAL THERMAL OVERLOAD PROTECTION. 

© INTERNAL SHORT CIRCUIT CURRENT LIMITING. 
oO OUTPUT TRANSISTOR SAFE-AREA COMPENSATION 

© AVAILABLE IN THE TO-220 AND THE TO-3 PACKAGE 

© OUTPUT VOLTAGES OF 5, 6,8, 12, 15, 18, AND 24 VOLTS 
ABSOLUTE MAXIMUM RATINGS 


input Voltage (5 V through 18 V) _ :  36V 


wh (24 Vv) oe ee 40 Vv 
Internal Power Dissipation (Note 1). _ Internally Limited 
Storage Temperature Range _ ~65°C to. +150°C 

7 Operating Junction Temperature Range (Note 2) 7800 —55°C to +150°C 
7800C OC. to +125°C 
Lead Temperature (Soldering, 60 second time limit) TO-3 Package fo ta 300°C. 
- (Soldering, 10. second time limit) TO-220 Packege 7 _ 230°C 
~ comseTion aaa | Toarackace 
(TOP VIEW) = ie (TOP: VIEW). 
Commons «(a 


~ INPUT 41) 


ORDER INFORMATION 
OUTPUT types PART NO. ORDER INFORMATION. 
VOLTAGE ouTPUT 
5V- 7805C 7806UC VOLTAGE TYPE PART NO. 
y yeeer eon Sv 7005 706KM 
12V 7812C =: 7812UC 6V 7806 7806KM 
16 Vv 7815C 7816UC sv 7608. 7806KM 
18V 7818C 7818UC 12V. 7812 7812KM 
24V 7624C =: 78 24UC 16 Vv 7815. 7816KM 
18V 7818 = 7818KM 
24V 7824 7824KM 
SV 7806C 7805KC 
*Planar is a patented Fairchild process, ov ro e06c Leap 
12V 7812C ©=- 78 12KC 
16 V 7818C 8 =—s-_-« 78.16KC_ 
18V 7816C )8=—_s« 78 18KC 
24v 78240 =: 78 24KC 


#442-663  yA78M12 


m & ELECTRICAL CHARACTERISTICS Vin = =19Vv, tout = 500 mA, —55° C <T. ED < 150° C, unless otherwise a specified. 


ulators ‘in a. wide range. of applications including. focal, on-card . 
tion. problems. associated with single point regulation. ‘tn. 


obtain. adjustable output. voltages and. “currents and. also. cs the, power. pass. element. in. Precision 


_ Output Resistance — 


o PARAMETER 


Output Voltage 


7812 7 


PARAME TER. CONDI Th JONS- 


Output Voltage | 7 
([145V< Vin <30V_ 
EV < Vin <22V — 
“SMA <igyuy<15A 
h _L Bo oe to = Fae = 
“15.5 V' vin. <27V 


Line Regulation. 


Load Regulation 


Output Voltage. 5.MA <lguT <1.0A_. 
P< ee. 

Quiescent Current ; | 
Quiescent Current Change | 0 v avin Se | 

- ss. with: lead — SMA <igut <1.0A 
Output Noise Voltage } | Ta = 28°C, 10H2 <1 < 100 kHz 
Long Term Stability 
Ripple Rejection — : 
Dropout Voltage 


Short Circuit Current < Ty: . om, 
Peak Output. Current a ee A 


Average ‘Temowratute Coefficient of f Output Voltage [. four =5mA, 0°C < Ty < 150°C 


7812C. 


‘ELECTRICAL CHARACTERISTICS Win | =19V, tour: = §00 mA, oc < Ty < 125° c. utes otherwise. specified) 


| CONDITIONS. 
Output Voltage } 
Line Regulation ‘| Ty=28°C 14.5V < Vin < 30V 


16V.< Vin < 22V 
5mMA <!louT <1.5A_ 
250: mA < IguT < 750 mA 
14.5) < Vin < 27-V 
5 mA < lout < 1.0A 


Quiacont Current ae a mA 
Quiescent Current Change La ee eS Vins ON 
SmA <lout <0 Seema ce 
Ta = 26°C, 10 Hz < Te 100 kHz uv 


Load Regulation 


Output Noise Voltage 


Cong Term Stability Scene nRSeATeRE mi 
Dropout Voltage. lout = 1.0A, Ty = 25° C = _1— Vv 
Output Resance ie ee ee 
Peak Output Current ) Ty = 26°C a ns ee A 
Average Temperature Coefficient of Output Voltage lout =5mA,0°C < Ty < 125°C -1.0 mv/°C 


TYPICAL PERFORMANCE CURVES FOR 7800 SERIES . | | | — « #UU9-6§63 


INPUT - OUTPUT DIFFERENTIAL = VOLTS 


MAXIMUM AVERAGE POWER MAXIMUM AVERAGE POWER =—-——s MAXIMUM AVERAGE POWER | _ ‘QUIESCENT CURRENT } OUTPUT IMPEDANCE 
‘DISSIPATION AS A FUNCTION OF DISSIPATION AS A FUNCTION OF. DISSIPATION AS A FUNCTION OF AS A FUNCTION OF TEMPERATURE — | AS A FUNCTION OF FREQUENCY 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE AMBIENT TEMPERATURE Bod : “roe 
(TO-3, 7800) | (TO-3, 7800C) 3 (TO-220, 7800C) Your: 8H movies ite 
i OE 5 el tae tect HEE HIE 
p “PS es on as os ea 3 : aE ill 
a eae a — 7. ; $ z ch Ht 
$ 10 =e Z 3 Ga 5 zw HCC 
& sof po see : - ae : CHT 
Sis tae : : mat i € GHEE 
; = : ; Ne \ : 
ioe : ; mv 3 
H ie : : 5 PSY to? ai 
< 0 < €. : 10 100 
: Py i 4 JUNCTION TEMPERATURE - °C , FREQUENCY ~ He 
| bb wn % 100 1% 160 ~ Laall a fu 126 160 . 1 7 1 : 
eniniel TEMPERATURE ~ °C = AMBIENT TEMPERATURE | °C a: AMBIENT TEMPERATURE - °C : : | APPLIC ATIONS 
Do Ciucys PEAK OUTPUT CURRENT | 
DROPOUT VOLTAGE ASA FUNCTION AS A FUNCTION OF INPUT/OUTPUT RIPPLE REJECTION saa 
OF JUNCTION TEMPERATURE DIFFERENTIAL VOLTAGE ~ AS A FUNCTION OF FREQUENCY ae 
a6 3a E 
" oo 2 av, av 
eS I. ; 
16 - é. 
Z 8 = 
E bo 
10-—+——P 3 “ “OUTPUT 
os . POSITIVE AND NEGATIVE REGULATOR 
oAoPOUT CONDI tONS. 8 . . . 
: “AVOUT * 2% OF VouT ; 
oe -60 -% OG 2% BO 75 100 126 160 176 ; ° “$s a See’ 20 % yo vind a Vo 
JUNCTION TEMPERATURE ~ °C oa ana “input outeut DIFFERENTIAL | VOLTS FREQUENCY - Ha 
OUTPUT VOLTAGE AS A FUNCTION Oe ee . CURRENT LIMITING . we: june 
OF JUNCTION TEMPERATURE DROPOUT CHARACTERISTICS CHARACTERISTICS | ' fF tome Lo 
| v Eee _— 3 i <2" | . p ind 
cen K em peeo a5’ 
t. 2 5 = 1. | At. 
a g >. 
2 : g EQUIVALENT CIRCUIT 
oe 3 3 
-78 -8 -2% O 7% 80 75 WO 12% 180 15 
, SUNCTION TEMPERATURE -“C INPUT VOL TAGE : VOLTS oOuTeut CURRENT 2AMe 
(LOAD TRANSIENT 7 LINE TRANSIENT - QUIESCENT CURRENT 
-. , RESPONSE i AS A FUNCTION OF INPUT VOLTAGE 
= eee eee es Danae es 
a: a pba me PTT ttt) 
= ; ECEECEEEEEH, g aoOne pe 
vs « 8 is ere 14 ld 
| | UTHEREEEFEEREY | EERE 
& FF ol $8 -ac8nn0 : 
- OUTPUT VOLTAGE. a £ ae ane z. . Ee as a os 
a EATON go 8 naa Beg SeaNe 
3 oe °°3 eeSae 
5 ay S | Ht = 
3 H+ ane 
PET ET TS 
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#442-663  wA78M12 (conTINUED) 


_ General Description — 


. The LM79LOSAC series of 3-terminal negative voltage 
_ fegulators features fixed: output voltages of --5V, —12V,_ 
_ 718V, -18V and -24V with output current capabilities _ 

in excess. of 100 mA. These devices were designed © 


using the latest computer techniques for optimizing. 


the packaged IC thermal /electrical performance. The 


LM79LOSAC series, even when combined with a. mini- 


‘Mum output compensation capacitor of 0.1 uF, exhibits 


an excellent transient response,.a maximum line reguia- 
tion of 0.07% Vo/V, and a maximum load regulation of 
Q.01%VolmA, 
Absolute Maximum Ratings 
Input Voltage 3 7 
Vo =-5V to-18V 


Vo = -24V 
"Internal Power Dissipation (Note 1) 


—35V 
-40V 
Internally Limited 


-|_ INPUT VOL TAGE iuniess. otherwise noted) 
PARAMETER 


Output Voltage 


oe, ae 


Vo. 


TMA< 1g <40mA 
VMIN“< VINS Vinax | 
Tj = 25°C, lg = 100mA | 
VMIN< Vin< Vmax | 
| Tj= 25°C, 19 =40mA | 
| VMIN < VIN < Vmax 


Tj = 25°C 
tmA< Ig < 100mA 


lo = 100 mA 


Io = 100 mA 


SVQ Line Regulation 


Load Regutation 


Long Term Stability 
IQ — Quiescent Current 


Quiescent Current Change 


Vn —s Output Noise Voltage Tj = 25°C, Ig = 100 ma 


f= 10 Hz- 10 kHz 


Tj = 25°C, Ig = 100 mA 
f = 120 Hz 


Tj = 25°C 


AV ; 
ae: Ripple Rejection 
Input Voltage Required 
to Maintain Line 


Regulation 


Note 1: Thermal resistance, junction to ambient, of the TO-92 (Z) package is 180°C/W when mounted with 


.25 fee LSM evy: : 
(-20< Vin <-7.5) — 


3-Terminal Negative Regulator 


seus eee Courtesy of National Semiconductor 


The LM79L05 AC series also‘includes, as self-protection | 
Circuitry: safe Operating area circuitry for output transis- 
_ tor power dissipation limiting, a temperature independent 
Short circuit current limit for peak output current 
limiting, and a thermal shutdown circuit to prevent 
- excessive junction temperature. Although designed _pri- 


marily as fixed: voltage regulators, these devices may be 


combined with simple external circuitry:for boosted and/ 


or adjustable voltages and currents. The LM79LOS AC 


Series is available in the 3-lead TO-92 package. 


Operating Temperature Range 

Maximum Junction Temperature 

Storage Temperature Range a 
Lead Temperature (Soldering, 10 seconds) 


Electrical Char acter istics ( Note 2) Ta =0°C to +70°C unless otherwise noted. haat 


“475 [-126 1a | 
(27 < Vin < 14.8) — 


| €27< Vin <-14.5) 


Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used. 


#442-665  79LM@5AC 1 


-30< Vin <-1 


(-30< VIN<-1 


N2-665 7SLOSAC 


Features 


Preset output voltage error is less than +5% over load, 


line and temperature 


® Specified at an output current of 100 mA 


wb =14.25 [-18.9 seen: 
| 630< Vin <-17.5) 


45 


7.7) : 3 oo 


45 
7.5) 


Easily compensated with a small 0.1 uF output 9 
capacitor | ; ae SRI of 
Internal: short-circuit, ‘thermal and ‘safe operating area 
protection : 


. Easily adjustable to higher output voltages Z 
Maximum fine regulation less than 0.07% Voyt/V 


Maximum load regulation less than 0.01% Vout/mA : 


- TO-92 package 


O°Ct0+70°C 
+125°C 
-55°C to +150°C_ 
300°C 


T[-252 0 O28 
| €38< Vin <-27.4) | 
2 (TATA | -25.2 20 22.8 

(-33< Vin S-20.7) | (-38<vin<-27) | 
0.8) | (-38< Vin <-27.1)_ 
50 Rag 60 

38 < Viqy < -27) 


( 


mV/1000 hr 
mA 


0.40 inch leads on a PC board, and 160°C/W when mounted with 0.25 inch leads on a PC board, 


Connection Diagram 


TO-92 Plastic Package (Z) _ 


am, | OUTPUT 


BOTTOM VIEW 


Order Numbers 


LM79LO5ACZ 
LM79L12ACZ 
LM79L 15ACZ 


LM79L18ACZ 
LM79L24ACZ 


Typical Performance 


Maximum Average Power 
- Dissipation (TO-92) 
ES aan 
— 


,., 


0 125” LEAD LENGTH 
FROM PC BOARD 
EEE BN capac 


0.4" LEAD LENGTH 
FROM PC BOARD —_ 
FREE AIR 


POWER DISSIPATION (W) 


60 
Ta - AMBIENT TEMPERATURE ( C) 


30 45 


Dropout Voltage 


INPUT-OUTPUT DIFFERENTIAL (V) 


T) - JUNCTION TEMPERATURE ( C). 


. Quiescent Current _ 
; da 


25 


QUIESCENT CURRENT (mA) 


8-10-15 20-25 
INPUT VOLTAGE (V) 


#442-665 79LBSAC 


Characteristics 


~ Vaut= . 
tout 740mA 


———-#4H2-665  7SLO5AC (cont INuED) 
‘Schematic Diagram | 


Short Circuit Output 
Current 


Peak Output Current 


SVoyT = 100 mv 


OUTPUT CURRENT (A) 
OUTPUT CURRENT (A) 


| 10 15.2025 
INPUT-OUTPUT DIFFERENTIAL (V) 


30 


2S -30 -35 
INPUT VOLTAGE (V) 


0 -5 ~-10 -15 -20 


Output Voltage vs. 
Temperature (Normalized 


Ripple Rejection to 1V @ 25 C) 


[Your -74 Ut 


80 ~Vout 


a 


SST Ror | 
: 60 vs 
3 | 
5 a0 }-- vin ~ Nour, : : 
ae BD Neb “2 
as x 
= ow ais 025 azo OY 4», 


Ris 
400 


ay R14 


Typical Application 


+15V, 100 mA Dual Power Supply ; 


OVout = 15V @ 100 mA 


QUTPUT IMPEDANCE (:2) 


-5V. 


-30 -36 


FREQUENCY (Hz) 


O- Voyt = -15V @ 100 mA 


(CONTINUED) @ 0 


14 H2- : 674 7 812 | 


SULLes iN NO. OL-S 12386. MAY 1976-REVISED SEPTEMBER. 1977 


NOMINAL |. 
, OuTPUT {| REGULATOR. 
- VOLTAGE | 


‘wA7B05C 
uA7B06C 
wA7606C. 
uw A7B8SC 
- wA7810C 
-. w&78t2C. 
- wA7816C. 
~ wh7818¢ 
 wA7B22C 
vA78246C 


_ Continuous total dissipation at 25°C free-air temperature (see Nowe 1) wey eae oN Eel ‘ er ae tw dl 
Continuous total dissipation at (or below): 28°C case temperature (oe Note. om ei: acai, (enn | SEEN 
Operating free-air, case; or virtual. junction: seonoerats : ature. range. ee ee ee ae 

Storage temperature range. ‘ oe ee ae 
teag temperature.1/1G:inch trom: Case: for 10% seconds RO ee ee 


Internat s Short Circuit ¢ Current Limiting 


Note 1: For operation sbove 26° Cc tree-alr OF cose temperature, soter.to. Dissipation Derating Curves, F igure.1. ang. Figure 2.: 


description — 


‘This. series. of fixed-voltage. monolithic integrated: 
circuit voltage regulators is designed for a wide range 
of applications. These. applications include. on-card 
teguiation for. elimination of noise. and distribution. 
- problems associated with single-point regulation. One. 
~ Of these regulators. can deliver upto 1.5 amperes of 
output. current. The. internal current limiting and 
thermal. shutdown: features of these reguiators makes. 
_ them: essentially immune to overload: In. addition to 
use. as. fixed: ‘voltage regulators, these: devices can be: 
used with external components to obtain: adjustable sk 
- Output voltages: and: currents. and also as the: =. ea 
Pats element: in precision: regulators. ee 


FREE-AIRTEMPERATURE = = =—_ CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


KCPACKAGE DISSIPATION-DERATING CURVE | 
(TOP View ay 2000: 


= ‘Deetbing lecsesse.0: cual 
Ta-Free-Ait Temper ature—"C : 7 , ‘Te-Case Temperature—"C. 


: Maximum Continuous Dissipstion-W 


3) 
: is 


: FIGURE. 1 | | FIGURE 2 : 
ecomebedaad operating conditions | 


‘Input voltage, Vy 


Quiput current, ig 
Operating virtual junction temperature, Ty 


#442-674 7812 1 


TEXAS, INSTRUM ENTS 


ONC Ode bode AEE OD 
PORT OFFICE BOR 8012 « OALLAG TERAG 26332 


SERIES uA7800— | 
POSITIVE-VOLTAGE REGULATORS 


schematic | 


flesistor values shown ere nominal and in ohme. 


—#AK2-674 7812 (CONTINUED) 


uA7812C electrical characteristics at specified virtual junction temperature, : 
My? 19 Vlg = 500 mA (unless otherwise noted) ae 


TEST CONDITIONS* 


Io = SMA to lA, Vi = 145 V t0 27 V, 


Vy* 16 V0 22V 


Temperature coe ucem | °C to 128°C mvC 
of output voltage 


Output noise voltage . 


Yan cheracteristics are measured with e capacitor across the Input of 0.33 pF and e copacitor across the output of 0.1 pF. All characteristics 
except nolse voltage and ripple rejection ratio are measured using pulse techniques (ty, © 10 ms, duty cycles < 5%). Output voltage changes 
due to changes In internal temperature must be taken into eccount separatety. : 


TEXAS INSTRUMENTS 


INCORHPORAT . 
POST OFFICE BON 8012 © Oaras. TEnAS 79222 


: LINEAR 
_ INTEGRATED circuits 


saacke Guiiaon 

Output Current up to 100 mA 

No External Components p fu 
~ Internal Thermal Overload Protection 


Internal Short-Circuit Current: Limiting 


description 


This series of fixed-voltage monolithic integrated- 


Circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. In 
addition, they can be used. with. power -Ppass elements 
~ to make high-current voltage regulators. One of these 
regulators can deliver up to 100. mA of output 


current. The internal current limiting and thermal 
shutdown features of these regulators make them 


essentially immune to overload. When used as a 
replacement for a Zener-diode—resistor combination, 
an effective improvement in Output impedance of 
typically two orders of magnitude can be obtained 
together with lower bias current. 


schematic 


Unusually High Power Dissipation Capability : 
} Direct. Replacement for Fairchild pA78BL00 Series 


Si SILECT! PACKAGE 


LP 


“(Top view) 


INPUT 


SERIES uA78L00 


POSITIVE-VOLTAGE REGULATORS 


‘BULLETIN NO. OL-S 12353, JANUARY 1976—REVISED APRIL 1977 


“COMMON | 


OUTPUT 


TO-226AA 


Resistor values shown are nominal and in ohms, 


' Trademark of Texas Instruments 


ry 


Maximum Continuous Dissipation—mW 


rene fe 160° CW 


DISSIPATION DERATING CURVE © 


recommended operating conditions 


[Input voltage, Vj UATBLOBC, uATBLOBAC 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


vA7BLO2AC, vA78L.02¢ | 
THRU UNIT) 
WATBLIOAC, uATBLI0C | 
x 
825 
775 
1600 
‘Operating. Tree-ait< case, or Feitual junction temperature range 0.to 150 
| Storage temperature range iy eee: oo  —65 to 150: 
Lead temperature WANG. inch from case for 10 seconds 


4 NOTE 4: F or operation above 28° Cc tree-alr or.case: temperature, vefer to Dieipation Derating Curves, Figure 1 and. Figure 2.. 


‘FREE-AIR TEMPERATURE ce we Ta a | CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
5G package. 


" Derating je =6.6 sive co 
Rosa = 151. cw ae ss 


LP package 
Derating factor = 28.6 mw/* c 
above 94°C 
Rejc © 35°C/w 


Maximum Continuous Dissipation—mW 


60 76 100 125 160 oT Te 
Ta—Free-Air Temperature—°C Tc—Case Temperature—C 
FIGURE 1 FIGURE 2 


NOTE 2: This curve for the LP package is based on thermal resistance, Rajya. Measured in still air with the device mounted 
The bottom of the package was 3/8 inch above the socket. 


in an Augat socker.. 


TEXAS INSTRUMENTS 
INCORPORATED 


UA7BLOBAC, wA7BLO8C electrical characteristics at specified virtual junction temperature, 
Vi = 14V, ig = 40 mA (unless otherwise noted) 


Output voltage _ [Vp 2105V 1023 V, Ig=tmAt040mAl o .. 7 i en 


input regulation 


Tall characteristics sre measured with ® capacitor across the input of 0.33 ¢F and e capacitor across the output of 0.1 uF. All characteristics 
-@ncept noise voltage and ripple rejection ratio are measured using pulse techniques (ty, S 10 ms, duty cycie < 6%). Output voltage changes 


due to changes in internal temperature must be taken into account separately. 


2-681 
L038 8 


-V REG (CONTINUED) = 


~ REGULATING PULSE WIDTH MODULATOR 
ate Pw Power Control —— 


eas | 
‘The SG1524, SG2524, 


diby Cucceig ..8 mA Typ 


: engeable With Silicon. General 
$G1624 3 SG2624, ‘and SG3524, 


Courtesy of Texas Instruments 


SG1I62¢...3 
$G62624,SG3624.. sORN 


| nesenence | 
J Aeeue atnal. 


and SG3524 incorporate on 


_  QUAL.-IN LINE PACKAGE (TOP VIEW) 


» Shsolute maximum ratings over operating free-air ten 


single monolithic chips all the functions required | 
in the construction. of a regulating power. supply, | 
inverter, of switching regulator. They can also be 
used. as. the conwol element. for high.power-output . 
applications. They SG1524 family. was designed for |. 


switching reguietors. of either polarity, transformer. 
coupled dc-todc converters, transformertess voltege 
doublers, and polarity converter applications employ- 
ing fined frequency, pulse width modulation 
techniques. The complementary output atlows 


either single ended or push.pull application. Each | 


device includes. an. on chip regulator, error amplifier, 
programmeble oscillator, pulse steering. flip flop, 
two. uncommitted pass transistors, 2. high gain. com. 


The SG1524 is characterized. for operation: over the 


full military temperature range of --55°C to 125°C. 
The SG2524 and SG3524 are characterized for 


Supply Voltage. Vcc (See Notes tand2) 0. kw 40V 
Cotlectos Output Curresit BO esig te eh Me ok. Ap. A a Oe ea eee Jey hy 100 mA 
Reference OutputCunent 2 6 2. | www ee ek ee 50 mA 
Cussent Through Cy Tesminah we -§ mA 
Continuous Total Dissipation at (or below) 26° c Free Aue Tarnperitite’ (See Note 3). . 1000 mw 
Operating Free Ait Temperature Range: SG1624 et de Be) ak. th de vee ee 66" Cc to 126" c 
$G2624,$G3624 .........., 0°C 1070" Cc 
Storage Niduhivuaehe SB ok tas a a siege eta yee sk AP . ~68°C to 160°C. - 


NOTES: 


1. AN voltages values are with respect to network ground 


terminal. 
2. The reference regulator may be bypassed for operation 
froma fixed S-volt supply by connecting the Vcc and 
reference output pins both to the supply voltage. In 


this conf iguration: the maximum supply voltage is 6 volts. 


3: For operat ton’ above 25° C free-air temperature, see 
. bi caies Perating: Curves. 


 perator, and. current limiting and shut down circuitry. 


functional block diagram 


#442-700 


aperation trom 0’C to 70°C. 


(8H tiene. a Oe out: 


2 ladecniclies = 


hae eo vecson 


Oren e 


"em cecton'a 
O tvena 
to. . 
herrea ___# osc ourour 
Cy a 


PCURRENE Leen 
Resistor velues shown are nominal 


863524 


recommended operating conditions — 


rc Supely veltoge, vec 


Tanne cepecot ior CT PATA 
Operaring too air to er rtemperature aera 


characteristics over recommended operating free-air temperature range, Voc = 20 V, f = 20 kta 
(untess: otherwise noted). 


soterence section 
ie 
CONDITIONS 
‘Outpur voltage - 


Input cogulatian 

Ripple rejection 
Output: feguiatiun 
Output voltaye change: 
vutls tare: ature 


Shred corcuet cnstput carcasee \ 


Ves © cheneht teas strawe a MIN Us MAN use the apgripeete value ipecitied under re inineniod uperating ¢ Onditiuns. 
§ et bynes of vetuws was ages Gutgrut vultage Change with tempereuese are at Ta - 20°C 
Buren at Chow Olrecet 2 see cont wbearendcd soend @memrmed corse Gee coceed. 


a = ‘ | ae re 
electrical characteristics over recommended operating free-eir temperature range, Vcc = 20 V, f = 20 kHz 
(uniess otherwise noted) 

fervor amplifier section . . 


input offset voltege : 


+ 


Unjty-gain bendwidth ee. 


- @ecillator section 


. - : ie All values of voltage, temperature, 
Stendard devietion of frequency § nN OS ihe . 
resistance, end capacitance constent 


Frequency change with temperature eta AOS 
{| Output amplitude at pin 3 
Outpyt pulse width at pin 3 


_ Comparator section a 


Meximum duty cycle, each output : 


input threshold voltege at pin 9 


TEST CONDITIONS 


input bies current | 
current limiting section | 

PARAMETER TEST CONDITIONS euleas: oh = soe 

ate MIN Typ! MAX | MIN Tye! MAX. 
_ Input voltege range leither input) | to ta 

ee ae - 7 oat 

Sense voltage for 2-V 1 Vipin 2) Vipin 1) 2 SO mv, | 
oviputatpin® = Ta 28°C 


Ta © MIN to MAX. 


"er conditions shown es MIN of MAX ; use the snpropriate value epecitied under recommended Operating conditions, 
San typicet velues encept tor temperature Coefficients are at Vag = 26°C. ; Sh Obes ta 


§Stenderd deviation is o messure of the statisticel distribution shout the meen as derived trom the formule o | 2m 
; aoe - : nt 


‘oN 


#442-700  SG3524 (contiNUED) 


SE re oe rae boo. te A a 2 eee ee foe ~ 
4442-700 $63524 (conTiNUED) 


Collector emitter breakdown voltag 
Collector ott stete current . 
Collectur -enutier saturation voltage 
Emitter output voltages 


____Testconoitions | win Tvet wax | unit | 


Turn-off voltage rise time 
Turon voltage tall time 


total device 


PARAMETER 


-~+ 


TEST CONDITIONS 
Pans 1.4,7,8,9,11,14 grounded, 


Vcc + 40V, 
_ Alt uthes inputs and outputs open 


Sisnaty current Pin 2at2 ve 


4d typical vetues on. eps fur temperature coothicients are at T aA* 26°C 


PARAMETER MEASUREMENT INFORMATION 


Vg buwy.. 
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_. FIGURE 1-GENEAAL TEST CIRCUIT 
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= QUTPUL: 


oT Cameune 
T unuth — 
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TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2-SWITCHING TIMES. _ 
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SS REMNGAPEES ¢ a OPERATION © 


‘ peat to that ot the oscillator. The output. ot shes error: ‘amplifier: shaves’ a heirnasioenenies j 
“ eurrentlimiting and shut-down. curcuitry and can be overridden by signals from either of these inputs. Thi 
: ‘point is also. available externally. and. may be employed. G ve gain of, ‘or to. compensate, the « essos amplifies, or 
” to provide aciditional control to the seguiator.- Deer ser 


EEE APPLICATION DATA 


eye Ne! Rae Ae See vee BS Oe sae 


‘The oscillator controls the lrequency ot the  SG1824 and i is programmed by Ry and Cy as shown in Pie: 4. 
4465 


fw eee 


} 0. 00: nd 0.1 microtarad. Practical vahiies of AT fell between 4 B and 100 kilohms. 
rms results ma iewuency range typically from 140 hertz to 500 kilohesrtz. 


‘blanking 


7 nevi Janking pulse at the output. This pulse width is controlled by the value 
os OF CT as shown in Figuie 5. tf small vatues of Cy are sequised, the oscillator output pulse width may still be maintained 
by applying a shunt capacitance trom pin 3 to ground. 


“synchronous operation 


When an external clock is desired, a clock pulse of ‘approximately a volt can tie ‘acelin’ Sinectivin to sale oscillates output 
“terminal. The impedance to ground at this point is approximately 2 kilohens. in this ashes aint ny pes must tbe 
elected aot: a ok Lsetbaod few eater, than that of the external.clock. = oy ae ; 


Ore fee 


aos re two or ‘more $G61524 regulators are to be oper: ted synchronously, . aul ee pga: iepriusiali? en be tied 
“together. The ‘oscillator progiammed ‘for the minimum clock period will be..the.master trom which: all the other 

- $G)524's operate: tn this application, ‘the Cy. AT values of the slaved seguiators. must be set:for a period approximately 

- 10% 4onger than that of the master regulator. in addition, CT (master) = 2 CY (slave) to ensure that the master output 
pulse, which occurs fist, has. a wider pulse width and will subsequently seset the slave regulators. 


8 ENnsaughuut these cies ussone references to S63 1524 apply siso to SG2626 end SG 3824 


TYPICAL APPLICATION DATA 


voltage reference 


The 5 volt internal reference may he employed by use of an external resistor divider network to establish a refesence 

within the error ampliferscommon mode voltage range (1.8 to 3.4 volts) as shown in Figure 6, oF an external reference 

may he applied directlytta the error amplifier For operation from a tixed 5 volt supply, the mternal reference may be 

bypassed by applying the input voltage to both the Voc and VREF terminals. In this configuration, however, the input 
_ voltage 1s limited to a maamum of 6 valts 


TO POSITIVE 
ouTPuT 

' VOLFAGE — 
A> ; 


TO NEGATIVE 
ouTPeut 
VOLTAGE 


Vo 2oVern RT 25 tt 
Oi CY Rbea2 © | 


error amplifier FIGURE 6- ERROR AMPLIFIER BIAS CIRCUITS | 


The error amplifier is a differential input transconductance amplifier The output is available for dc gain control or ac 
phase compensation. The compensation node (pin 9) is a high-impedance nade (Ry — 5 meyohms). The gain of the 
amplifier is Ay ~ (0.002 (2 ') Ay and can easily be reduced frum 4 nonunal 10,000 by an external shunt resistance 
from pin 9 to ground. Reter to Figure 3 for data. . 3 oe 


compensation 


Pin 9, as discussed above, is maie available for compensation. Since mast output filters will introduce one or more 
additional poles at frequencies helow 200 hestz, which is the pole of the uncompensated amplifier, introduction of 
a zero to cancel one of the output filter poles is desiable This can best be accomplished with a series RC 
circuit from pin 9 to ground in the range of 50 kifotims and 0.001 microfarads. Other frequencies can be canceled by 


use of the formula f © VRC. 
_ shutdown circuitry. 


Pin 9 can also be employed to intraduce external control of the SG1524 Any circuit that can sink 200 mucroamperes 
can pull the compensation terminal to qround and thus disable the SG 1924. 


In addition to constant current limiting, pins 4 and 5 may alsa he used in transformer coupled circuits to sense primary 
current and shorten an output pulse should transformer saturation occur. Pin & may also be grounded to convert pin 4 
into an additional shutdown terminal. . ei . , 


“ current limiting 
A current libuing sense aimplities i provided mi the SGIG24. The caurent Nucenetnsncpy secoeser ouvapotebsece ezxtostasts a theeshuld 
of 200 nollvalts god inust be spphed un the ground tine simice the volbage cange ot the wputs is hated tot) volt te 


u/ voll Caution should be teken to ensure the O27 volt litt ys dot eacecded by enttien nut, ullierwoe duimage tu 
the device say sesudl. ca 
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#442-700 $G3524 (CONTINUED) 


Fold: back current limiting can be provided with the network shown in Figure 7. The current-limit schematic is shown 
in Figure B. . - 


*VguT 


 ] Voah 
'Ojmen) a. Visenes) * a) 


where Vissngsy * 20 nV 


FIGURE 7—FOLOBACK CURRENT LIMITING FOR SHORTED OUTPUT CONDITIONS 


COMPARATOR 


EARUR 


CONSTANT c 
AMPLIFIEH T CURRENT 


SOURCE 


ace 


qerce 
FIGURE 8-CURRENT-LIMIT SCHEMATIC 


Output circuitry 


The SG1524 contains two identical n-p-n transistors the collectors and emitters of which are uncommitted. Each 
transistor has antisaturation circustry that limits the current through that tansgtor to 4 maximum of 100 milliamperes 
fos tast response. ee 


THERMAL INFORMATION 


00 PACKAGE FREE. AIR TEMPERATURE 
DISGIPA1ION DERAT ING CUNVE 


— JPAL KALE FREE AIH TEMPE HATURE 
DISSIPATION OL RATING CURVE 
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General Description — eae 
The. &M2930 3-terminal. positive: voltage regulator - 
features an ability to source 150mA: of output current 
with. an input-output differential. of 0.6V or less. 
Efficient use of low input voltages obtained, for exam- — 
ple, from an automotive battery during cold: crank 
conditions, allows 5V circuitry to be properly: powered: 
. with supply voitages as:low.as'5.6V. Familiar regulator. 
i features. such as current. limit and thermal..overioad. _ 
protection arealso provided. = s—i(ists 
i Designed: primarily for automotive applications, the 
LM2930. and. all regulated circuitry are: protected from. 
reverse: battery installations or 2 battery jumps: During. 
line transients, such as.a.load:dump (40V) when the input 
voltage to the. regulator can momentarily exceed the. 
‘specified maximum operating voltage, the regulator will 
automatically shut down to protect both internal circuits 
and the. load. The LM2930 cannot be harmed by tem- 
porary mirror-image insertion. 5. . 
Fixed outputs of 5V and 8V are available in the plastic. 
-TO-202: power package. 


“Schematic and Connection Diagrams 


An ine oe oon 


Order:Number.: 


.M2930-5.0. TB. 
- LM2930-8.0 TB. 


See Package POSE 


FRONT VIEW 


_ Features od Stee 
. a input-output ‘differential tess than 0.6V 

- @ Output current in excess of 150mMA 
@ Reverse battery protection: 


@ 40V. load dump protection 


-@ Internal short circuit current limit 


@ Internal thermal overload protection 
@ Mirror-image insertion protection: 


Voltage Range 
LM2930P-5.0TB. 5V 
LM2930P-8.0TB. av" 


INPUT 


INPUT-OUTPUT DIFFERENTIAL (V) 


INPUT-OUTPUT DIFFERENTIAL (V) 


LOAD CURRENT (mA) OUTPUT VOLTAGE 


DEVIATION (mv) 


| Typical Performance Characteristics 


Dropout Voltage: 


JUNCTION TEMPERATURE (°C) 


__ Dropout Voltage 


OUTPUT CURRENT (ma) 


Load Transient Response 


Vin ~ Your * 9V 
C2 = 10 uF 


TIME (us) 


INPUT VOLTAGE OUTPUT VOLTAGE 


OUTPUT VOLTAGE (V) 


OUTPUT VOLTAGE (V) 


DEVIATION (mV) 


CHANGE (V) 


#uN?-716 
sor nee [8500 


~ EE 
a sl 


| tp = 150ma- 


20 30 «40 «650 (60 
_ INPUT VOLTAGE (V) 


Line Transient Response: 


TIME (us) 


High Voltage Behavior 


0 10 20 3002 
INPUT VOLTAGE (V). 


Absolute Maximum Ratings 


_ Typical Performance Characteristics a a 


input Voltage .- hen | Rica ate os 8 oi ae He | . | 
OperatingRange 26V (CONTI NUED) 
Overvoltage Protection . 40V Peak Output Current Quiescent Current 
Reverse Voitage (100 ms) . ~12V | _ 
Reverse Voltage (DC) -~6V 
internal Power Dissipation (Note 1) Internally Limited es 
Operating Temperature Range -~ 40°C to + 85°C a = 
Maximum Junction Temperature 125°C £ = 
Storage Temperature Range | -65°Cto + 150°C z c 
Lead Temperature (Soldering, 10 seconds) 230°C ra 5 
| Fa ss 
— = 
= o 
e e e ” 
Electrical Characteristics (Note 2) 5 = 
LM2930P -§.0TB (Viy = 14V, Ig= 150mA, T= 25°C, C2= 10 uF, unless otherwise specified) 
Perameter | Conditions sSs~*~*~sSsésdsCiMiins* fs Typ | Max | Units 0 40 80 120 160 200 
Output Voltage 6V < Vay : 26V, SmA < lo <-150mA, ~40°C < T, < + 125°C 45 5 5.5 Vv INPUT VOLTAGE (V} OUTPUT CURRENT (mA) 
Line Regulation OV < Vi, & 16V Ip=5mA 7 25 mV 
Load Regulation | SMA K Ig § 150mA a 14 | 50 mv 
Output Impedance 100mApe & 10MA rms, 100Hz-10kHz 200 | ma Quiescent Current a , Quiescent Current 
Quiescent Current Ip = 10mA . ot ; 4 7 mA 70 
Output Noise Voltage 10 Hz-100 kHz | | 140 uVrms z — 60 
Long Term Stability 20 mV/ 1000 hr E = 
Ripple Rejection | fo=120Hz 56 68 = le Ate 
| Gi 
Dropout Voltage Io = 150mA - 03 | 06 ov & = 40 
- Qutput Voltage Under | } 3 | 3 - 
Transient Conditions =| -12V < Vy, < 40V, RL = 1002 -0.3} 5.5 v z 5 30 
: ww 
a es 2 oe) 
Electrical Characteristics (Note 2) | a Buty 
~ LM2930P-8.0TB (Vin = 14V, Ip = 150mA, T,=25°C, C2= 10yF, unless otherwise specified) , Ss Oe ea ree ae eres eco en ee 
A oe SF IEE Aes ok A Sesie ao | 3 -40 09 4 80 120 160 0 10 20 30 
LLL SLE a . 
hahha RO PE i _____|_ Mia | Te | Max | abehad | JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) 
Output Voltage 9.4V < Vin § 26V, 5mA < Ip < 150MA, -40°C < F< +125°C 8 8.8 Vv 7 . 
Line Regulation — 9.4V © Vy © 16V 19 =5mA | at O54 50 mV oe 
9.4V < Vy, < 26V Ig =5mA Par 100 | omv a - 
Load Regulation BMA < Ip < 150mA ) 50 mo Ripple Rejection Ripple Rejection 
| Output impedance 100MAn¢ & 10MA ms, 100Hz-10kHz ma 3 | 
Quiescent Current Ig = 10mA 2. mA 
> Ig = 150mA | 4. mA ie 
Output Noise Voltage 10 H2-100 kHz uvrms . $ : a 
Long Term Stability — ari _ mV/1000 hr z- z 
_ Ripple Rejection fg 2 120Hz a os = 
Dropout Vottage Ig = 150mA 0.6 —v | ab rs | 
“Output Voltage Under | a a 
Transient Conditions ~12V < Vy < 40V, R, = 1002 8.8 v -£. - 
fo a 


Vin ~ Vout = 9V 
fo = 120 He 


note 1: Thermal resistance without a heat sink for junction to case temperature is 12°C/W and for case to ambient temperature is 70°C/W. 

Hote 2: All characteristics are measured with a capacitor across the input of 0.1 »F and @ capacitor across the output of 10 wF. All characteristics except noise 
vitage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle<5%). Output voitage changes due to changes in internal 
wenperature must be taken into account separately. . 1 10 100 tk 110k 100k 1M 
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Definition of Terms _ 


Dropout Voltage: The input-out put voitage differential at 


which the circuit ceases to regulate against further 


reduction in input voitage. Measured when the output 
voltage has dropped 100 mV from -the nominal value 


obtained at 14V input, dropout voltage is dependent upon — 


load current and junction temperature. 


minals with respect to ground. 


“Input Voltage: The DC voltage applied to the input ter. 


Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate. 


Line Regulation: The change in output voltage for a 
- change.in. the input voltage. The measurement is made 
_under conditions of iow dissipation or by using pulse 
techniques such that the average chip temperature is not 


significantly affected. 


Load Regulation: The change. in output voltage for a. 


change in load.current at constant chip temperature.. 


Long Term Stability: Output voltage stability under 
accelerated life-test conditions after 1000 hours with 
maximum rated voltage and junction temperature. - 


Output Noise Voltage: The rms AC voltage at the output, 


with constant load and no input ripple, measured over a 
specified frequency range. 


- Quiescent Current: That part of the positive input current 


that does not contribute to the positive load current. The 
regulator ground lead current. is 


Ripple Rejection: The ratio of the peak-to-peak input rip- 


ple voitage to the peak-to-peak output ripple voltage. 


Temperature Stability of Vo: The percentage change in 
Output voltage for a thermal variation from room 
temperature to either temperature extreme. 


Maximum Power Dissipation 


10: 


POWER DISSIPATION (W) 


40-20 


NdgsHee <CONTINUED) | 


20 4006080 
AMBIENT TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 


Output impedance Overvoltage Supply Current 


Yee Ry = 1098: 


25 -= 25°C 


Se EEE EEE ON EN Aire SNOT 


0.1 


‘SUPPLY CURRENT (mA) 


OUTPUT IMPEDANCE (°2) 
SUPPLY CURRENT (ma) 


Bill 
-. li 
Hill 


10k: 100k 1M 20 25 30 35 40 
INPUT VOLTAGE (V) 


100 1k 
FREQUENCY (Hz) 


1 10 


Output at Reverse Supply — Output’st Overvoltage 


OUTPUT VOLTAGE (V) 


2: . 
wf w: 
[-- 2 o.. 


INPUT VOLTAGE (V) INPUT VOLTAGE (V) 


Typical Application 


 _Vvour 
am) REGULATED 
OUTPUT 
to coee 


f =i 


* Required if regulator is located far from power supply filter 7 
** C2 must be at least 10 uF to maintain stability. May be increased without bound. Locate as close 
Possible to regulator. 


-10 -8 
INPUT VOLTAGE (V) 


‘Reverse Supply Current 


> Qutpiit Vottage (Normalized 
to 1V at T;=25°C) — | 


40 20 0 29 40 60 80 100 120 140 
JUNCTION TEMPERATURE ( C) 


_ Courtesy of National Semiconductor 


LM556/LM556C dual timer 
general description i 7 
‘Adjustable duty cycle 


The LMS556 Dual timing circuit is a highly stable: . 
controller capable of producing accurate time delays = @ Qutput can source or sink 200 mA 
or oscillation. ses 556 is a oo eo ete ® Output and supply TTL co mpatible | 
TRATES TAT tees) eek Gomiete eaepenee nll of each = lempetature stability. better, ian 0.005% add 
other sharing only Vcc and ground. The circuits may be ® Normally on and normally off output 
triggered and reset on falling waveforms. The output Jog ae . 
structures may sink or source 200 mA. applications 
| | @ Precision timing 

- @ Pulse generation 
features ; @® Sequential timing 
® Direct replacement for SE556/NE556 — & Time delay generation 
@ Timing from microseconds through hours © = ® Putlse width modulation 
® Operates in both astable and monostable modes © Pulse position“modulation 
@ Replaces two 555 timers @ Linear ramp generator 


schematic diagram 


contrat | 
 MOLTAGE (S99) 


s FLL. 
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_ Dual-in-Line Package 
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442-740 L556 
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absolute maximum ratings 


+18V 


Supply Voltage 6 
Power Dissipation (Note 1) 600 mW 
Operating Temperature Ranges 

LM556C 0’C to +70°C 

LM556 55°C to +125°C 
Storage Temperature Range tis -65°C to +150 C 


Lead Temperature (Soldering, 10 seconds) 


Supply Voltage 
Sapnty Curent 
(Facts Tames Sections) 


Trawng bres, Monatabte | 
Wrtiat Acuity 
Ont With Lempurutiuve EW 


Accurucy Over Temperature 


Delt with Sugypsty 


Trgiag terar Astable 
lretiad Accuracy 
Dutt Wait Teanpier atute 
Actuiaty Ocer Tempersture 
Dotr With Supply 


Trigger Voltage 


t copes Caterer 
Reset Votlage 
Reset Careeeit 


Thrsestraied Corereane 


PARAMETER 


300°C 


CONDITIONS 


Veo sv, R, 
Vee USN, f, a 
(Luw Stated (Note 2} 


a Ky, Rte WOR, C Oe, 
Note J) 


(Note 45 
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“Cant! Valiage Level And Vee WSV 


Thr estrotd Voltage 
Pin 1 Va Leakage Outgust thrayts 


Pin b) V4 Sot 
Outyur low — 
Output baw 
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Quiput Voitage Crop thigh) 


Rise Tame of Outyat 
Fait Time of OQuqui : 


Met hung Char at (evista “i 
tretiat Tastisig Ac aioe y 
Tanng Datt Wek Perpecatane 
Gut With Supiily Voltage 


Note 1: 


bina TOMA 
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veh ov 
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tea Sande 
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iNete 4) 


For operating at elevated temperatures the device must be derated based on a +150°C maximum junction temperature and a thermal 


resistance of ¢ 150° C/W junction to amment for bot packages. 


Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note ?: 


Supply current when output high typically 1 mA Jess at Voc 7 SV. 
Tested at Voc - 5V and Vcc = 15V. 


‘As reset voltage lowers, timing is inhibited and then the output goes low. 


This will determine the maximum value of Ra + Rg for 15V operation. The maximum total (Ra + Rg) is 20 MQ. 
No protection against excessive pin 1, 13 current is necessary providing the package dissipation rating will not be exceeded. 


Matching characteristics refer to the difterence between performance. characteristics of each timer section. : 


oa . i 


MIMNIEUTE PULSE WHOTH Lad 
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_- Lew Output Voltage vs 
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SUPPLY CURRENT (wa) 
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teristics | 


Supply Current vs Supply 
Voltage (Each Section) 


SUPPLY VOLTAGE (Vv) 


= Low Output Voltage vs 
Output Sink Current 
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LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vcc) 


#442-740 —_LM556 (continueD) 


LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Voc) 


Vee — Your ([V¥) 


Vane (ra) P19 1,33 


‘High Output Voltage vs: 
Output Source Current | 


tsounce {mA} 


Low Output Voltage vs 
| Output ‘Sink Current 


10 bee bead 


OA ben fe ded 


Vsurane (mA) 


Discharge Transistor (Pin 1,13) 


Discharge Transistor (Pin 1,13) 
Voltage vs Sink Current 


Voltage vs Sink Current 


Megara) PIN 1,19 


0.01 0.1 10 10 108 
Lorre (rm AD PIE 1,93 


“aor 10 0 3100 
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SCOPE 


The TL852 is an economical sonar ranging receiver integrated 
-eircuit for use with the TL851 control integrated circuit. A 
minimum of external components is required for operation, and 
this amplifier easily interfaces to Polaroid's 50-kHz 
electrostatic transducer. An external 68-kilohm +5% resistor 
from pin 8 (BIAS) to pin 16 (GND) provides the internal biasing 
reference. Amplifier gain can be set with a resistor from pin 1 
(GIIN) to pin 3 (GADJ). Required amplifier gain will vary for 
different applications. Using the detect-level measurement 
circuit of Figure 1, a nominal peak-to-peak value of 230 mV 
input during gain step 2 is recommended for most applications. 
For reliable operation, a level no lower than 50 mV should be 
~ Ysed. The recommended detect level of 230 mV can be obtained 
for most amplifiers with an R1 value between 5k ohms and 20k 
ohms. 


Digital control of amplifier gain is provided with gain control 
inputs on pins 12 through 15. These inputs must be driven 
snychronously (all inputs stable within 0.1 microsecond) to 
avoid false output signals due to invalid logic counts, This 
can be done easily with the TL851 control Ic, A plot showing 
. pelative gain for the various gain steps versus time can be seen 
. in Figure 3. To dampen ringing of the 50 kHz electrostatic 
transducer, a 5K ohm resistor from pin 1 (GAIN) to pin 2 (XIN) 
4s recommended. 


An external parallel combination of inductance and capacitance 
between Pin 4 (LC) and Pin 5 (V,.) provides an amplifier with an 
externally controlled gain and 6. This not only allows control 
of gain to compensate for attenuation of signal with distance, 
but also maximizes noise and sidelobe rejection. Care must be 
taken to accurately tune the L-C combination at operating 
frequency or gain and 0 will be greatly reduced at higher gain 
steps. fae | 


AC coupling between stages of the amplifier is accomplished with 
an 0.01 microfarad capacitor for proper biasing. 


The receive out put is normally held at a low level by an 
internal 1-microampere current source. When an input of 


sufficient amplitude is received, the output is driven 


alternately by the 1 microampere discharge current and a 50 
microampere charging current. A 1000 picofarad capacitor is 
required from the receive output (Pin 9) to ground (Pin 16) to 
integrate the received signal so that one or two noise pulses 
will not be recognized. | a omeee ges 


Pin 2 (XIN) provides clamping for the transformer secondary when 


used for transducer transmit drive as shown in Figure 4 of the 
SN28827 data sheet. , 


‘#44N2-765 TLO52 


-#442-765 TLB52 


DUAL INLINE PACKAGE 


(TOP VIEW) 


NC — No internal connection 


Absolute maximum ratings over operating free-air temperature 
range (unless otherwise noted). 


Voltage at any pin with respect to GND ee 0.5 Vto7V 
Voltage at any pin with respect to Vo, moe -7 V to 0.5 V 
XIN input current (50% duty cycle) 7: + 60 mA 


ontinuous power dissipation at (or below 
25°C ¢ ee-air temperature (See_No! 1) 
Operating free-air temperature range 
Storage temperature range |. 3 

gad temperature 1,6 mm (1/16 inch) from case — 
for10seconds is | oo 


-4O°C to 85°C 
-65°C to 150 C 


260°C 


NOTE 1: For operation above 25°C derate linearly at rate of 
2 mWsPC, | 
Recommended Operating Conditions : 
Supply Voltage, Vee we a | nee 4.5 | 
Wgh-level Input voltage, Vj, GCA, GCB,GCC, CCL Reet 
oes | 
oe 


Low-level Input voltage, Vy, 
Bias resistor between pins 8 and 16 
Operation free-air temperature, Ty 


#442-765 TLO52 


TYPICAL APPLICATION INFORMATION 


: ro re 


GAINSTEPNUMBERS 


___GAIN STEP TABLE 


Gain Steps 


FIGURE 3 


(CONTINUED) 


#4N2-765 TLB52 
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Wineag ed ee 


Electrical. Characteristics Over Recommended Ranges Of Supply 
Voltage and Operating Free-Air Temperature (T, = 0°C To 40°C) 


Open-Circuit Input Voltage 
At GCA, GCB, GCC, GCD 


High-Level Input Current, 


lin Into GCA, GCB, GCC, GCD 


 Lawebeved ‘Input. Current, 
Iie Into GCA,GCB,GCC,GCD 


Schematic of Gain Control Inputs 


GCA, GCB, GCC, AND GCD 


GND - 


GAIN 
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ay... 
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4 
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_ BUNCTTIONAL BLOCK DIAGRAM 


- pa-765 Fe Comrie 
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#442-765 TL852 (CONTINUED) 
TYPICAL APPLICATION INFORMATION — | 
DETECT LEVEL VS GAIN STEP : 
Detect level is measured by applying a 15-cycle burst of 49.4 
kilohertz square wave just after the beginning of the gain step 
to be tested. The least burst amplitude that makes the REC pin 
reach the trip level is defined to be the detect level. System 
gain is then inversely proportional to detect level. See the 
test circuit in Figure 1. | | 
i” — a 68kn 
; DETECT 
7.331 
ISCYCLE 0.01 nf 
40.4 kits 
VARIABLE. 
AMPLITUDE 
BURST GENERATOR Sn. 
4904 21. mH at ai . 
ooo Lene | ula, 
ne eee 


ALL RESISTORS 21%, KWATT 


ALL CAPACITORS 21%, FILM FIGURE 1 
L10>600150a2 
C1Q > 800 at SO batts 

15 PULSES 


INPUT 
SIGNAL — 


REC 
OuTeut 


COMPARATOR 
OuTPuT .. 


——_ - 


IGURE 2 ~ DETECT LEVEL ME 


ae 


ASUREMENT CIRCUIT AND WAVEFORMS 


7 LINEAR 
| INTEGRATED 
_ciRCUITS 


DUAL DIFFERENTIAL COMPARATORS 


: BULLETIN NO. OL-S 12411, JUNE 1976-REVISED OCTOBER. 1979 


oe ae 8 S@ORP | 
~ Single Supply or Dual Supplies . ae | ME ees DUALANAINE PACKAGE (ror view! 


e Wide Range of Supply Voltage: 


2+. 2 to 36 Volts 
| @ Low Supply Current. Drain 
Independent of Supply Voltage 
«2.0.5 mA Typ 


e Low Input Bias Current... 25 nA Typ 


@ Low Input Offset Current | 
eed nA Typ (LM193) | 


e Low Input Offset Voltage Wes 2 mV Typ 
—@ Common-Mode Input Voltage 


Range Includes Ground 
eas COMPARATOR NO. 1 
e Differential Input Voltage Range anes : 
Equal to Maximum-Rated U FLAT PACKAGE 
Supply Voltage --- t36V (Top VIEW) 
Low Output Saturation Voltage  AMNPLIFLER HO. 2 
e Output Compatible with TTL, DTL, 
- MOS, and CMOS 
- description 


These devices consist of two independent “eltean 
comparators that are designed to operate from a | 
single power supply over a wide range of voltages. 
Operation from dual supplies is also possible so long 

as the difference between the two supplies is 2 volts 

to 36 volts and pin 8 is at least 1.5 volts more positive 
than the input common-mode voltage. Current drain 

is independent of the supply voltage. The outputs can 

be connected to other open-<ollector outputs to 
achieve wired-AND relationships. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, VCC (see Note 1)... cccccccccvccccccrecccncerecceceessssssrsessseereresceece . 3V 
sitlesenaial ipa Gohape ise Note 9) eis sae. cea < deans es use eondvsins aim bee eanunoasaee ON 
Input voltage range (either input) .......- ccc ecee cence ececsccvevenrecveressseessasesers ~0.3 V to 36 V 
Output voltage Audis dite 5a aera anes eatgiranitek OCE  ekLES AS ENSR SCRA CEA ROLE ANG he Reais, Ce 
Output CUFFENt oo. cece reece rere c rc cccce cence eee ser seseess asses cesseressaesesessessscrens 20 mA 
Duration of output short-circuit to ground (see Note 3) .....ccccccccccveccvevesececccserscsccces Unlimited 
Continuous total dissipation at (or below) 25°C free-sir temperature (see Note 4): LM293JG,LM393JG..... 825 mW 


AMPLIFIER NO. 1 


LM193JG, LM293P, LM393P..... 900 mW 

; LM193U, LM293U, LM393U..... 675 mW 

Operating free-air temperature range: LM193 ....... cc ccce ccc ee ee crecneeeneeeecenseres —55°C to 125°C 
LM293 ....... chewedametueteuan Leauiece nad Ga seers 25°C to 85°C 

i ke ee net ores rrr ere rere rere ere t eae 0°C to 70°C 

Storage temperature range =... eee eee eeteewee sew ee errr rTere ere. Seeeeewes woe. 65° C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or U package Seu ate oe aoe ts veccesses 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package ........ ee re rr ee .. 260°C 


NOTES: 1, All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differentis! volteges ere at the noninverting input termine! with respect to the inverting input terminal. 
3. Short circuits from ooees to Voc cen cause excessive heating end eventual destruction. 
4. For operation above 25°C free-elr temperature, refer to Dissipation Oerating Table, in the JG peckage, LM193 chips ere alloy: 
mounted; LM293 end M393 chips are gless-mounted. 


TYPES LM193, LM293, LM393_ 


PARAMETER Tu 
i Vcc * SVweDY, 
“Mo input offset voltage Vic = Vicr. Vo = 4V 


voltage range 


Large-signal differential 
voltage amplification 


NOTE 6: “The direction of the bles current is out of the device due ta the P- N-P input stage. This cucrent is ‘essentially constent, omen S at 
the state of the Output, ad no. doading change is presented to the input lines. 


| switching characteristics, VCC = 5 V, Ta = 25°C 


TEST CONDITIONS 
100-mV mout ped 
with SnV over: 


TTL-evel soe step 


f [Panameten 


Fi, connected t0 6 V through 5.1 kf, 
CL = 15 pF * See Note 6 


tou includes probe end jig capacitance. 
NOTE 6: The response time specitied ie the interval between the. input step function and the instant when the output crosses 1.4 V. 


DISSIPATION DERATING TABLE schematic (each comparator) 
ie POWER DERATING ABOVE | be 
RATING FACTOR Ta cunnent (2 


wy, 
JG (Alloy-Mounted Chip) 900 mw 8.4 MW/C REGULATOR 


Vec 
910K 
Voce) 


JG (Glass-Mounted Chip) 825mw 6.6 mW/C 


P s00mW 8.0 mWw/C 
U 675mwW 6.4mW/C 


Also see Dissipation Derating Curves, Section 2, = 


Current velues shown ere nominal. 


TEXAS INSTRUMENTS 


INCORPORATED 
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terminal assignments 


> INPUT 
OUTPUT 
p> ADJUSTMENT 


phen eee | ee : , 


TYPES LMI17, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


BULLETIN NO. OL-S 12518, SEPTEMBER 1977 


LINEAR 
INTEGRATED 
CIRCUITS. 


Output Vottage Range Adjustable  @ 


from 1 2V to 37V --@- Peak Output Current Constant Over : 
Guaranteed Io Capability of 1.5 A Temperature Range of Regulator 

for TO-220 package, 500 mA for LA ae ne ee 
and TO-202 packages 


input Regulation Typically 0.01% 
Per Input-Volt Change 


Output Regulation Typically 0. 1% 


e Popular 3-Lead Packages 
© Ripple Rejection Typically 80dB 


M117, LM217, LM317... LA PACKAGE 


(TOP VIEW) 
ADJUSTMENT 


aN INPUT 


Sy 


LM217, LM317... KD PACKAGE 
(TOP VIEW) 


. KC PACKAGE 


M217, LM317... 
| (TOP VIEW) 


z 
‘ 


INPUT 
OUTPUT 
ADJUSTMENT 


oF ae ge Ee ouTPUT 
—  70.22008 


a description 


he LM117, LM217, and M317 are adjustable 3-terminal positive-vol tage regulators capable of supplying 1.5 amperes 
. over a differential-voltage range of 1.2 volts to 37 volts. They are exceptionally easy to use and require only two 


| ; external resistors to set the output voltage. Both input and output regulation are better than standard fixed regulators. 


va The devices are packaged i in standard transistor packages that are easily mounted and handled. 


- In addition to higher a fonianics than fixed regulators, these regulators offer full overload protection available only in 


integrated circuits. Included on the chip are current limit, thermal overload protection, and safe-area protection. All 


overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no 


3 .= = fie eee 


See 


schematic 


: 


ne 


All resistors values shown are nominal and in ohms, 


absolute maximum ratings over operation temperature range ss (unless otherwise noted) 


Input-to-output differential voltage, Vy — 

Continuous total dissipation 
at 25°C free-air temperature 
(see Note 1) 


Continuous total dissipation 
at (or below) 25°C case 


tempat snus isog Note 1) 


NOTE 1: For operation ebove 26°C free-air or case i cenperauee: tefer to Dissipation Oerating Curves, Figures 15 through 18, page 104. 
recommended operating conditions 


Output current, Io 


Operating virwal junction temperaure,Ty = | 85 180 


capacitors are needed unless the device is situated far from the input fi filter capacitors in which case an input bypass i is. ex 


needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can be 
bypassed to achieve very high ripple rejection, winey! is diffi cult to ecnleve with standard 3-terminal regulators. 


Besides replacing fixed regulators, these ‘egataront are useful it ina wide variety of other applications. Since the regulator 
is floating and sees only the input-to-output differential voltage, supplies of several hundred volts can be regulated as 


long as the maximum input-to-output differential is not exceeded. Its primary application i is that of a programmable — 


output regulator, but by connecting a fixed resistor between the adjustment terminal. and the output terminal, this 


_ device can be used as a precision current regulator. Supplies with electronic shutdown can be achieved by clamping the 
adjustment terminal to ground, which programs the output to 1. 2v vas where most loads draw little current. | 


aa igi Rien The LM 17 is characterized for operation over the full military temperatuie range eof —55° C to 125° C. The LM217 and 
ae : LM317.a are characterized for operation trom —28° Cc to 180° C ond fom 0° c to 125° c respectively. 


HUY2-772, 
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‘electrical characteristics over recommended | ranges of operation virtual hades bsinenbigois 
- (unless ot ery vise noted) a 


PARAMETER T [ . TEST CONDITIONS? | 


oe Vo23 Vito 240 v;. 
“J ie Note 2. 


Vo-10V, Te 10h: 
. b. 10: wes ‘capacitor between ADS: and ‘ground. 


9" 10 mA OMAK, fH 
es Ty = 28°C, See Note 2 . oo 


: — 10 mA 10 MAX, 
See Note 2 


FIGURE 4—PRECISION CURRENT FIGURE 5-TRACKING PREREGULATOR 


i LIMITER CIRCUIT . CIRCUIT 
Ty= MIN to MAX 


| After 10004 ar Ty = MAX 
and Vj-Vo*40V 


£2 10 Hz to 10 kHz, Ty = 25°C | 


(ce 


KO and LA packages 


- V0 72.5 V to40V, 
‘Ig * 10mA to MAX 
Vi -Vo23V 040 V, 
Ig * 10 mA to MAX, 


“Change in adjustment- 
terminal current 


“(output to ADJ) P < rated Cissipation. 


TUniess otherwise noted, these ‘specifications epply for the following test conditions: Vi- Vo: «sv ona to = 6 A for the xe (To. 2208) 
package and tg = 0.1 A for the LA and. KO (TO-202A8) pereee For conditions shown: euMIN or MAX, use tho. Sails velue wecitied 
under recommended operating conditions. ; : tpn ses : ; 

input reguistion ts expressed here et the percentage chenge in output voltege per t-volt chenge ettheinpur ee. poae Ve 

NOTES: 2. Input regulation end output regulation ere measured using pulse techniques (t,, < 10 us, duty cycle < 5%) to timit changes in 

average interne! dissipation. Output voitege chenges due to lerge chenges in interna! dissipation must be taken into eccount 
separately. 
3. Since fong-term drift cannot be meatured on the individual devices: peter to ‘ghipment,: this specification is not intended to be e 
@uerentee or werrenty. It is en engineering estimate of the everage drift to be expected from iot ta lot. 
* These specifications for this product in the LA package heve not been determined, it is planned to specify values where asterisks appear ebove. 


Minimum load current from each output is 10 mA 


TYPI CAL APPLICATION DATA . . SS All output voltages will be within 200 mv of each other. 


FIGURE 7—ADJUSTING MULTIPLE ON-CARD REGULATORS WITH A SINGLE CONTROL 


NOTES: A, Use of an input bypass capacitor is recommended If regulator is far from filter capacitors, 


B. Use of an output capacitor improves transient response but is optional, 


Cc. V,. of equals the difference between the output and adjustment terminal voltages. 
toi1dischargesC2 = 


R2 
le : =V 1+ 
if output is shorted to ground. OD. Output voitage jis calculated from the equation: V ° rat( BT 


FIGURE 1-ADJUSTABLE FIGURE 2—0-V to 30-V REGULATOR = FIGURE 3—ADJUSTABLE REGULATOR ; 
VOLTAGE REGULATOR CIRCUIT CIRCUIT WITH IMPROVED TEX AS I NST RU} MENTS 
RIPPLE REJECTION NCORPORATE 


fye5772 (CONTINUED) 7 sony orice bau sals. cain voue ries 


‘TYPICAL APPLICATIONS 
| R2 
*Rg controls output Impedance of charger 2.4 ks | io | 
Zour “As (1* =) = = = 
The use of Rs allows low cherging rates with a fully- ; : - 
| 7 FIGURE 9-50-mA CONSTANT-CURRENT 
. ; . BATTERY CHARGER CIRCUIT 


charged bettery. 
FIGURE eBAL TERY CHARGER CIRCUIT 


t This resistor sets peak current (0.6 A for 1 2) 


FIGURE 12—CURRENT-LIMITED 
6-V CHARGER 


FIGURE 10-—SLOW-TURNON 15-V FIGURE 11—A-C VOLTAGE REGULATOR 
CIRCUIT 


REGULATOR CIRCUIT 
TIP73 


| 45 Vt025V ~ 


q Minimum losd current is 30 mA. 
_ Soptional capacitor improves ripple rejection 


15 kn a: 
Se ee oe TEXAS, LN Saeseo ENTS 
NCORPORATED 


FIGURE 13—ADJUSTABLE 4-A REGULATOR FIGURE 14—HIGH-CURRENT ADJUSTABLE REGULATOR 


—#UY2-772 
LM317 ‘(conrinueD) 


THERMAL INFORMATION 


_ KC AND KD PACKAGES : : LA PACKAGE. en He 
FREE-AIR TEMPERATURE pees FREE-AIRTEMPERATURE = 


_DISSIPATION DERATING CURVES DISSIPA: TION DERATING CURVE 
See KC (T0220AB) package : 
= -Derating factor = 16 mW/°C 
ROA * = 62.5" CW. 


. Maximum Continuous Dissipation—mW | 


100 + Derating ier. WC _ 
210° CW | 


200 Derating: factor = 12. 6 mw/? Cc Aga’ wt 


Roya = 79° c/w 7 | aes 2 
25 50 75 100 125 150 | 25 60 7 100. 125 160 
Ta—Free-Air Temperature—"C | 


Maximum Continuous Dissipation—mW . 


—Ty-Free-s “Air. Temperature Cc 


FIGURE 15 eh ast: FIGURE 16 


| a KD AND LA PACKAGES | 
_KC PACKAGE CASE TEMPERATURE | CASE TEMPERATURE 


| 29 . _ DISSIPATION DERATING CURVES a ~ 22 DISSIPATION DERATING CURVES 
ig 38 sg 
@ 16 ‘- 
3 2 
Ss 12 3 
2 10 g 
8 8 8 KD (TO-202AB) package 
| E Derating factor = 100 mw/°C 
| F 6: z . oer 130°C 
F 4: x LA package 
= 4c = Derating factor = 40 mwW/°C 
“1 above 70°C i above 100°C 
ae 50 75 100 125 150 25 50 75 ~=—«100 125 150 
Tc—Case Temperature—°C | Tc—Case Temperature—°C 
TEXAS INSTRUMENTS 
NCORPORATE 
FIGURE 17 FIGURE 18 POST OFFICE cee 6012 © DALLAS, TEXAS 75222 


fingqz/72 (CONTINUED) 


2.0 SCOPE 


THE DEVICE IS A SILICON MONOLITHIC INTEGRATED CIRCUIT USED AS A 
CENTIGRADFE TEMPERATURE SENSOR SIMILAR TO INDUSTRY NUMBER LM35D. 


3.0 ELECTRICAL RATINGS 
3. .7 ABSOLUTE MAXIMUM RATINGS 


PARAMETER _ | | ‘RATINGS 


STIRRED OIL .- 7 : 45°C/W 40°C/W 


CLAMPED TO METAL, 
INFINITE HEAT SINK (24? 


UNITS 
SUPPLY VOLTAGE | +35 TO -0.2 Vv 
OUTPUT VOLTAGE +6.0 TO -1.0 Vv 
OUTPUT CURRENT _ | 10 mA 
OPERATING AMBIENT TEMPERATURE _ 0 TO +100 °c 
STORAGE TEMPERATURE | -60 TO +150 °c 
TEMPERATURE RISE DUE TO SELF-HEATING (THERMAL RESISTANCE) 
NO HEAT SINK SMALL HEAT FIN. 
STILL AIR” _ | 180°C/w 140°C /w 
MOVING AIR : 90°C/W 70°C/w 
STILL OIL ss | 90°C/W —— 70°C/w 


HUY? -785 
LM55 


#+Vs (3) 
Vovr (2) 


GND _C) 


BOTTOM VIEW 


3.2 ELECTRICAL ‘CHARACTERISTICS TA= 0 TO syeee: VS= 5V, IL= 50uA. 


PARAMETER 
ACCURACY _ 
NONLINEARITY 
SENSOR GAIN 

LOAD REGULATION 
LINE REGULATION : 


- QUIESCENT CURRENT 


CHANGE OF 


Ts i eat ee QUIESCENT CURRENT 
HULI—~785 | a - TEMPERATURE, 
| | COEFFICIENT OF 
LM35 : | - QUIESCENT CURRENT 


MINIMUM TEMPERATURE 
FOR RATED ACCURACY 


LONG-TERM STABILITY 


CONDITIONS 


OmA Ss IL < 2ma 


av 
vs 
vs 


4v 


IL 


23 


= 


vs < 30V 


5V 
30V 


VS < 30V 


100°C, 1000 HRS. 


MIN TYP 
0.9 
0.2 


9.8 10.0 


+0239 


MAX 


0.5 


+2.0 


UNITS 
°C 
e¢ 
mv /°C 
mv /maA 
mv /V 


uA 
uA 
uA 
vA/PC 
cc 


bd 


6.0 


bg ci 


#442-783 
LBS 


PACKAGE DIMENSIONS 


185 


4.0 


4.1 


| 4.2 


. LEADS MUST MEET MIL- STD-883B, 
| SPECIFICATION. | 


#42 783. 
UBS 


NOTES. 


THE DEVICE 1S A CENTIGRADE TEMPERATURE SENSOR SIMILAR 70 
INDUSTRY NUMBER LM35D. 


THE DEVICE MUST BE PACKAGED IN A TO92 (T0226AA) CASE. 


THE DEVICE IS TO BE MARKED WITH THE VENDOR IDENTIFICATION, 


ORIENTATION FOR PIN NUMBERS, VENDOR PART NUMBER, 


_ MANUFACTURER'S DATE CODE AND, IF SPECIAL PROCESSING ts 
INVOLVED, THE HEATH - COMPANY PART NUMBER. 


METHOD 2003.2 SOLDERABILITY 


Courtesy of Texas Instruments 


ee ae 


#443-728 74LSOON 


ia (aciieseeern aoa: [74Femity | WP oe 


-) ly « Low-level input current 


#4N3-728 SN74LSOON 


QUADRUPLE 2-INPUT 
POSITIVE-NAND GATES 


positive logic: 
Y=AB 


1A 18 1y¥ 2a 28. 2v GND sy 2s A 18° «IY Veco | 62¥0: «OA 
SN5400/SN7400(J, N) | _ SN5400/SN7400(W) 
SN54H00/SN74HOO(J, N) SN54H00/SN74HOO(W) 
SNS4L00/SN74L00(J, N) 


SN54L00/SN74L00(T) 
SN54LS00/SN74LS00(J, N, W) wae is ee 
SN54S00/SN74S00(J,N,W) 


OTE AEE OPE OS SOE 


recommended operating conditions _ 


SERIES 54 SERIESSAH | SERIESS4L | SERIESSSLS | SERIES S4S 
senies74 | sERies74H | SERIES 74. | SERIES 74LS | SERIES 74S 


Supply voltage, Vcc 


High-level output current, Io 


loperaingiveesctemowwe. Ta aati foe] oo] of 
(untess otherwise noted) _ 


electrical characteristics over recommended operating free-air temperature range 


“SERIES 54 | SERIESSsH | SERIESS@L | SERIESSALS | SERIES 54s 
—senies74 | senies7an | senies74._ | SERIES 74LS | SERIES 74S 


7 : . SRR “Battin, -“LSOO, 4 ,'S : ‘ 
00,04, | ‘HOO,"HO4, | “LOO, ‘LOS, : eo 


sree Pie eee i Res “LS04, ‘LS10, S10, ‘S20, 
sire ie ie Ui eral a peas rey baie -"LS20, ‘S30 "$30, ‘S133 


MIN TYP= MAX |MIN TYP! MAX 


TEST 
FIGURE 


- PARAMETER 


¢ 
of 
= 


Input current at 


age 


maximum input vol 


lin High-level input current > 


i Short-circuit 
os output current® 


Icc Supply current: 


: Tor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
— Fan typical values are at Voc = 5 V, Ta = 25°C. ny 


-~ 
o 
> 


See table on next page 


$1, = -12 mA for SN54‘/SN74', —8 mA for SNS4H'/SN74H’, and —18 mA for SN54LS'/SN74LS’ and SN54S'/SN74S'. ee ae 
_ @Not more than one output should be shorted at a time, and for SN54H‘/SN74H’ and SN54S‘/SN74S', duration of short-circuit should not exceed 1 second. 
“* The input clamp voltage specification is effective for Series 54/74 and 54H/74H parts date-coded 7332 or higher. 


| ees ae ae 
eee Mae eee) 
Veo = MIN, Vic = Wi max] 54 Family | [Ta_sa [aS ga ee 
lon = MAX 74 Family [24 = 32 | 27 34 2.7 3.4 
Vec= MIN, Vin=2V, — [54 Family | 0.15 0.3 | 7 
lon” MAX [02 04] 


‘DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP  cowteay of texas instruments 


| QUAL D-TYPE POGITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR 


; ? 
Voc CLR 20° 2CK 298 20 26 


infololoio ln! 


FUNCTIONTABLE 
oja @a4 


‘| PRESET CLEAR CLOCK | 


x 


_. J Operating free-air temmersture, Ta 


°LS108A—DUAL J-K WITH CLEAR AND PRESET 


: recommended operating conditions a 


43-730 THLS74 


| “US107A,'LS112K, 
~ [win Te i 


Pe hee Ss tach 
See Note2 


sock (os eornerenal 


_ Umax ® maximum ‘clock frequency - en ee 
 tPLH @ propagation delay time, iow-to-high-leval output 
tert, = propagation delay time, high-to-lowsevel output 


| Supply voltage. vec | 


et output current, Ion _ 


44 7Tne arrow indicates the edge of the clock pulse used for reference: * for the rising edge, § for the falling edge. 
electrical characteristics over recommended operating free-air 


temperature range (unless otherwise noted) 
ma | 


PARAMETER 


asiioeal 
ouut volwg: 


Series 74LS [Vie Vin mex] 
[series 748 [Vm=2¥ | tL mA 
taput current 

et max emum 


Sunpty current 
(Total) 


tEor conditions shown as MIN oF MAX, use the aopropriete vaeiue specified under recommended operating conditions 
Tal typical values are at Voc * 8 V. Ta = 25°C. 
not more then one output should be shorwd et a time, end duretion of short circuit should not exceed one second. 


#443-730 = 74LS74 


NOTE 1: With ali outputs open, iog is measured with the Q and 6 outputs high in turn. At the time of measurement, the clock input is grounded. 


Courtesy of Texas Instruments 


POSITIVE-NAND GATES AND INVERTERS WITH TOTEM-POLE OUTPUTS 


SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS) 


Test 
CONDITIONS 


SINPUT 
POSITIVE-NAND GATES 


positive logic: 
Y = ABCDEFGH 
SNS430/SN7430(W) 


SN54H30/SN74H30(W) 
SN54L30/SN74L30(T) 


' §N5430/SN7430(J, N) 

_ SN54H30/SN74H301J, N) 
SN541L.30/SN74L.30(J, N) 
SN54LS30/SN74LS30(J, N, W) 

- §NS4S30/SN74S30(J, N, W) 


NC— 
C-—No Internal connection "LS00, 


‘LS10, 'LS20} CL = 15 pF, Ay = 2k 


‘LS30 | | 
$00, Soa | C= 1SpF, Ay = 2002 | 
$10, 's20_[c.=50eF, Ay = 2000 | 

ey = 1S pF, Ay = 260: | 


loc (mA) 
Average per gate . 
(50% duty cycle) 


Cy =S50pF, AL = 2802 


a --bl-p--- es 


toe 


ae Wehaecig ee ieee nae 

bs Cae eae et | 

W dane nine 4b ee 
hie Oh 


‘00, 

"LOO, 'LO4, 'L10, ’L20, ‘L30, CIRCUITS 
input clamp diodes not on 
SNS4L'/SN74L’ circuits. 


~ *LS0O, LS04, ‘LS10, ‘LS20, 


"HOO, ‘"HO4, ‘H10, ‘H20, “H30 CIRCUITS 
eee a, eae “*LS30 CIRCUITS 


Resistor. values shown are nominal and in ohms. _ 


4 Maximum values of icc are over the recommended operating ranges of Vec 
p 3 
and Tg; typical values are at Voc 7 5 V, Ta = 25 C. 


4443-732  SN7ULS30 


switching characteristics at Vcc = 5 V, Ta = 25°C 

tPLt (ns) 
Propagation delay time, 
tow-to-high-level output 


ge tate tees 


H4S-732 74ULS3L 


teraz (ns) 
Propagation delay time, 
high-to-low-level output 


a 


Pe. a 
a 


a ee i Be ie i a i 


waters eerees 
Prd) ae 


"S00, ‘S04, ’S10, ’S20, 
'S30, ‘S133 CIRCUITS 


recommended ‘operating conditions 


“64 FAMILY | SERIESS4 SERIES S4H | See | SERIESS4LS | ‘SERIES 54s 
T4FAMILY | SERIES74 | SERIES 7a | SERIES 74L_ | SERIES 74LS | SERIES 74S 
‘LSO4,'LS10, | ~°S10,’S20, 
_‘LS20,"LS30_ _'S30, ‘S133 _ 


00, ‘04, "HOO, "HO4, | ‘LOO, ‘LO4, 
"10,20, °30 | *H10,"H20,"H30 “L10, °L20, "130 


oe er a 


High-level output current, 1OH ee eee es | a | RO || US 1 ROT | 
s (ennai aoe | ca een ee a =e 
essen tier ss ceneeanes Ts Pa romity [0 of oof oof 0 ot 0 =e 


slectri¢al characteristics over recommended operating free-air ‘temperature range (unless: otherwise noted) — 


‘SERIES 54 T 
SERIES 74. 


SERIES 54S 
SERIES 74S 
‘S00, ‘S04, 
‘S10, ‘S20, 
‘$30, ‘S133 
MAX|MIN TYP: MAX 


SERIES 54LS 
_ SERIES 74LS 
"LSOO, 
‘LS04, ‘LS10, 
‘LS20, ‘LS30 
MIN, TYP? MAX {MIN TYP? 


“SERIES. 54H 
ESERIES 74H | 


“SERIES 54L 
SERIES 74L 


TEST 
FIGURE 


L00, *L04, UNIT 


‘L10, ‘L20, “L30 


"HOO, “HO4, 
|"H10, H20, ‘H30_ 


100, '04, 


- PARAMETER | 
_ ‘10, '20, ‘30 


TEST CONDITIONSt 


| TYP! MAX [MIN TYP! MAX [I 


Vin High- lever input voltage 


Vit. Lowelevel inaur vott [54 Family — | “area co 
ow-level input vo age 
1h Pp 9 74 Family _ 


a RES eS) AS 7 
Zz) z 7534 ase 


Veo: MIN, 
1oH = MAX 


| A En Re 
eect Mee Vec mine eens or eee oe a oe ee ee 
1ou = MAX fra Famiy [02 04] 02 04{ 02 0a[ 035 05| 08] “ 


in ut current at 
maximum input voltage 
40 


Vins 2 Se See.) nT Renee! 
High-level ear current Vcc = MAX 
ecegeeree ease 


Vin =2V, 


Low-level input current 


, Short-circuit 
os output current® 


'cc Supply current 


TE or conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

Fai tvpical vatues are at Voc = § V, Ta = 28°C, 

81, = —12 MA for SN54'/SN74’, —8 mA for SN54H’/SN74H’, and —18 mA for SN54LS'/SN74LS’ and SN54S8’'/SN74S’, 

Not more than one output should be shorted at a time, and for SN54H‘/SN74H’ and SN54S'/SN74S’, duration of short-circuit should not exceed 1 second. 
2 The input clamp voltage specification is effective tor Series 54/74 and 54H/74H parts date-coded 7332 or higher. 


#443-732 SN74LS3@ (CONTINUED) 


$4 Family | -20 -55 | ~40 —100 


eany 
— 
— 


Typicet Typical Power 


Typice! Typical Typical Propagation 
fo. tow Delay Times Enable/ § —s-_ Dissipation 
(Sink (Source Disable | —s- (Enabled) 
Current) Current) Inverting Noninverting Times. tnverting Noninverting 
SNS4LS°) 12mMA) -12mA 10.5 08 12 ns 18ns = 130 mW 135 mw 
SN74LS’ 2mA —t5mMA 10.5 n8 12 ns Wns = 130mMW 135 mW 
SN54S’ 48mA -12mMA = 45n8 6 ns 9ns 450 mw 538 mW 
SN74S' 64mA -15mMA 4.5248 Gns 9ns 450mW 538 mW 
SN54LS240, SN54S240 ... J 
e 3-State Outputs Drive Bus Lines SN74LS240, SN74S240....J OR N 
(TOR VIEW) 


or Buffer Memory Address Registers 
e P-N-P Inputs Reduce D-C Loading 


e Hysteresis at Inputs improves 
- Noise Margins 
description 
These octal buffers and line drivers are designed 
specifically to improve both the performance and 
» density of three-state memory address drivers, clock 
drivers, and bus-oriented receivers and transmitters. 
The designer has a choice of selected combinations of 
inverting and noninverting outputs, symmetrical G 
(active-low output control) inputs, and comple- 
mentary G and G inputs. These devices feature high 
- fan-out, improved fan-in, and 400-mV noise-margin. 
The SN74LS’ and SN74S’ can be used to drive 
 < terminated fines down to 133 ohms. | 
schematics of inputs and outputs. 
"18240, °LS241, °LS244 . 
EQUIVALENT OF 
EACH INPUT 


waa W22sOoAdsWYS 22S 


TAY LY Ly 
Re 
Petals 


aUlptle 


SE vay ave a2 23 1A aR TAA AVE GND 


SNS4LS241, SN54S241....J 
SN74LS241, SN74S241...JORN 
(TOP VIEW) 


v2, 203 (1Y3)2a2, te 


TYPICAL OF ALL 
OUTPUTS 


. Vee 


1a2 baeee : 

SNSALS244...3 0 
SN74LS244...JORN 
(TOP VIEW) | 


een 
CEE 


Tv 


"$240 °S241 


EQUIVALENT OF 
EACH INPUT 


Vee 


‘LS240, ‘LS241, ‘LS244; 
R= 60 2 NOM 
$240, ‘S241: 
R = 25 2 NOM 


260 2¥2, 


Gary = 


a2. «2¥3 AD 


74LS240 


- #443-754 


recommended operating conditions 


Ee a oe ae SN54LS’ SN74LS° 

| dexsraeeal MIN NOM MAX Ta wo | UN | 

Supply voltage, Vcc (see Note 1) 4.6 § 6.5 | 4.76 rove 

High-level output current, Io | | ae Eee 
eee |) Ra 


“Low-level output current, Io} 
Operating free-air temperature, Ta 


_ NOTE 1: Voltaye values are with respect to network ground terminal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


- SN64LS' SN74LS° 

P. t 

on PARAMETER TEST CONDITIONS MIN TYP? MAX |MIN TYP? MAX 
Vin High-level input voltage _ eee Ee eee 
Vit Low-level input voltage OT 0.8 
Vik Input clamp voltage [Vec= MIN, _=-18mA_ [= =15 


Hysteresis (V4 — V7— Vec= MINS 

) Veco * MIN, Vin = 2V, 
1Vic. = Vie max, lous -3 mA 

Vec*MIN, = Vin = 2V, 

IV =0.5V, 19H = MAX 


[0.204 
Vin * 2V, iA 


Von — High-level output voltage 


VoL. Low-level output voltage 


Off-state output current, 
high-level voltage applied 
state output current, 
low-level voltage applied 


Vcc = MAX, - 
Vin =2V, 


10ZH 


1oZt Vin ™ Virmax 


Mi: Input current st maximum 

Ue input voltage . 

hin Highievel input corrent, any wpa |Veq= MAK, Wis27V_ [20 aa 

in,__Lowsevel input current Voo=MAX, vyrosv || cw 

lo Short-circuit output current? Wee=MAXss~s~—~—i~dC AOS 22 4-225 | mA 
ouput ow Vec=MAX [iso40__| 26.44 

icc —s_—s Supply current. 'LS241, 'LS244 27 461 27. 461 

: 3 Alvoutpure JourPuts open FS 240 2960 

disabled "LS241, 'LS244 32 64,  —s 32s 


tEor conditions shown as MIN or MAX, use the appropriate vaiue epecified under recommended operating conditions. 
Fail typical values ere ot Voc @ BV, Ta = 26°C. . 


Not more then one output should be shorted at a time, end duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


~~ PARAMETER TEST CONDITIONS 


Propagation delay time, = 
_ low-to-high-level output 
Propagation delay time, 
~ -high-tolow-level output) 
Output enable time to. iow level 
Hutput enable time to high level 
~  . Output disable time from low level 
~ Output diseble time from high tevel 


“| Cl=45pF, AL = 6672, 


Cy = SF, Ry = 6672, 


} RECEIVER, 
|} veusze1, sz 


DRIVER 
: ve tanesreant 


‘LONG-LINE 
_ REPEATER. 
8 £8261, ‘8201, 


"REPEATER. oo 
Rae ts2ats2e0 


"REPEATE R. 


CONTROL. papenrere nem pa Sa, 
MEMORY ADDRESS REGISTER. 


e 
a "system AND/OR | MEMORY “ADDRESS BUS _ Sere 
i “18201, ‘$240: USED AS SYSTEM AND/OR. MEMO! BUS. DnIveR-sait 
ae ORGANIZATION CAN Be APPLIED TO MANGLE SARY ¢ on eco. 
oe ; PARTV.LINE 
rae ue ae MULTIPLE INPUT/OUTRUT aus. V4 DRIVER ‘Saea:* 
- FROM. INPUT. A ‘wwrik 
> ATA 
GUS TO OTHER. 
BUFFERS 
ouTPuT 
A 
Lourcom 
CONTROL 
ONTRO INPUT OUTP ee 
TPUT 
eqitign wT 'Stear call 
Ho 8 8 Hook 
Lo. A 8 HOW 
‘8 ton A Low 
us 
PARTY-LINE BUS SYSTEM: 


WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 


INPUT PORT 
CONTROL 


INDEPENDENT 4-81T BUS DRIVERS/RECEIVERS 
IN A SINGLE PACKAGE 


#443-754 74LS240 (CONTINUED) 


d 


_ SN54LS04/SN74LS04 


HEX INVERTER 


~AC CHARACTERISTICS: Ta = 25°C (See Chapter 1 for Waveforms) 


SYMBOL 
: J ; 


2. Typical limits are at Voc = 5.0V,TaA=25°C. 
_ 3. Not more.than one output should be shorted at a time. 


| Seer 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE - 
es 
 ~§.25V  O°C to 70°C 


Xs package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on.this product, 


isolates 
SN74LSOax 


TEMPERATURE | 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


c 
= 
a 


SYMBOL | _ - PARAMETER ee UNITS | TEST CONDITIONS (Note 1) 


Vin. Input HIGH Voltage . 


Vin Input LOW Voltage = 


Vep . Input Clamp Diode Voltage Rene: 


Von Output HIGH Voltage 
Vor . Output LOW Voltage 
he input HIGH Current : 


input LOW Current 


' Output Short Circuit 
OS Current (Note 3) 

locH Supply Current HIGH 
ICCL Supply Current LOW 


2 
v 


Guaranteed input HIGH Voltage 


. Guaranteed input LOW Voltage. 


“J 
a 
a 


Vec = MIN, ly = -18 mA 

Voc = MIN, Igy = -400 WA. Vin = Vy 
Vec = MIN, Igy = 4.0 mA, Viy = 2.0 V 
Vec = MIN, lot = 8.0 mA, Vin = 2.0V 


Veg = MAX. Viy = 2.7 V_ 
Vcc = MAX, Viq = 10 V_ 


Vcc = MAX, VIN =0.4V 


Vcc = MAX, VouT =OV 


Vcc = MAX. Vin = OV 
Vec= MAX, inputs Open 


3 
= 


BERIGECCOMIGEUML 


a | . LIMITS _ 
| Turn Off Delay, Input to Output Re toca 


| Turn On Delay, input.to Output 


4 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 


_ tee Fae | ot = | #4N3-779 THLSO2 


lines applies onty to the 'LS27 sans 
=| - Oa 


_. Mee 


PIN ASSIGNMENTS (TOP. VIEWS) 


oy 802. 1.827. cracuiTs : : Mester vetves ere nominal and nohme. 


SN74L02 (4.0) = = 6NSOL.02 11) 
_ $N74L S02 (4,.N) : 
"6746602 (3, 


_ recommended operating conditions 


|e Famuv]. SEREsSas ft 
Le Fa | SERIES TCLS | 


| Supply volrege VCC 


_ supply current? 7 7 _ | “High teva! output current, ton 
. toc imal | 


Average per gate 
(50% «tuty cyctel 
_TVve 


‘cca tmad *oce (mad 


Loweve! aug@ut current. 1O4 
Totel with outputs high | Vota with outputs low 


Ope: enng tree or wompereture. Ta 


| electrical characteristics over recommended operating free-air. temperature range (untess otherwise noted) 


 f SERIES CALS 
_ SERIES 74LS 


PARAMETER 


WH Mightevel input valtege 
L Low tevel inputvattege 


Input clenp voliegs ea 


wit tna) ttigh level a. @ut votiege . 


vest ; Propagation delay time. Prupagation delay tne, 


' Low-level 
CONDITIONS *® lowe to-high level output thigh to low tevel output ove-teve! output volepe 


Input current at 
me@nimum input voltege 


Dore pve | 


_ Mign level | 
inpul current 


‘ Shrort-corcust 
0s Gueput cursent® 


| fice Supotycurent Supply current Nea ae | 
#4U3- ] / 9 | /] 4 LS82 on conditions shown a MIN of MAX, use the epprapriem value specified under recommended eperaeng cond:wons 


- Sal veka values ore et Vcc BV Ta ° 26°C. 
fi,» 12 ma tor SNSO‘/5N76' end 18 MA for SNBALS'/SNIOLS’ end SNS@S/SNT74S’. 
Onot more then one output shavid be shorted at o time, ond for SNS4LS'/ENI4ELSE' ond SNG45'/ENIES Guradon of eumut 
chort-circult shovld not eaceed ane ser ond. 


Ces 15 0F, A, = 24N 


Ce ° 15 pF, A, - 280082 
Cy * 16 0F, A, = 2808 


Bee ew fae ee Reema 0 te a Ree ee 


OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS a #443-791 74LS244 


Courtesy ‘of Texas Insteusents 


Typical Typical Typical Propagation Typicel ss Typical Power . 2 
lou lon Delay Times Eneble/ Dissipation — | recommended operating conditions 
{Sink (Source Diseble (Enabled) pe ng 
Current) Current) inverting Noninverting Times inverting Noninverting . } 
SNS4LS° 12mMA O-12mMA_ 10.5 18 12 ns 18 ns 130mW 135 mW PARAMETER 
SN74LS° 24mA 0-158 MA_ 10.5 ¢N8 12 ns 18ns 130mW 135 mW Supply ‘voltage, Voc | (see Note y 
SN74S' 64mA -15MA 4.5 n8 6 ns 9ns 450 mW 538 mW oer erT output carent lo 
- ; Operating free-air temperature, Ta 
e@ 3-State Outputs Drive Bus Lines | as : | SGiE ie Vong dea oe a eee San poe 


ffer M Address Registers 
SEOUNerren en —_ electrical characteristics over recommended = free-air temperature range (unless otherwise noted) 


e P-N-P inputs Reduce D-C Loading : . sness244 ee 
‘ 74.$244 wd ORN PARAMETER © 
Noise Margins eee 
a Cj I 2 2 = Fi a 3 a 
description age WINTER oe ee OV | 
systeresis ; 


Vin = 2V., 


Vou 


High-level output voltage 
density of three-state memory address drivers, clock 

‘drivers, and bus-oriented receivers and transmitters. 
The designer has a choice of selected combinations of 
inverting and noninverting outputs, symmetrical G 
(active-low output control) inputs, and. comple- 
mentary G and G inputs. These devices feature high 
fan-out, improved fan-in, and 400-mV noise-margin. 
The SN74LS’ and SN74S’ can be used to drive , ave as a) Dy a 
terminated lines down to 133 ohms. a 


VoL 


Low-tevel output voltage 


lozia Off-state output current, 
ve shigh-level voltage applied 
-state output current, 
low-level voltage applied 
input current at maximum 
input voitage 


20} *}] | 
These octal buffers and line drivers are designed ml V / 
specifically to improve both the performance and oe 


ile 


schematics of inputs and outputs We Low-tevel input current ; 
“18240, “LS241, "18248 | ee 
T Outputs high | Ls ee. 


EQUIVALENT OF 


, TYPICAL OF ALL 
EACH INPUT | 


OuTPUTS 


Vcc = MAX 


Supply current 


as | 

Outputs open F7Tso40 «| SOT 8 
TE or conditions shown as MIN or MAX, use the appropriate value specitied under recommended operating conditions. 

+ Ait typical values ere at Voc = 8 VV, Ta = 26 C. 

®Not more than one output should be shorted at a time, and duretion of the short-circuit should nat exceed one second. 


Vcc 


INPUT 


“switching characteristics, Voc = 6 V, Ta = 26°C 


PARAMETER TEST CONDITIONS 
Propagation delay time, 


Propagation delay time, Cy = 45 pF, Ry = 667 2, 


ro Nigh-to-towleves output 


Cy = 5 oF, Ry = 667 2, 


"LS240, ‘LS241, ‘LS244; 
R=602NOM 
*$240,'S241: 


yuu3-791  74LS244 Lee 


-#4Y3-79174LS244 (contiNUED) 
- 1 a Ota TESTER as REPEATER _ 1 ter san 


NYO E8241, 8241 P18 18241, 82401 S Eee > Pxoovrra 


“iNbUT "~~ OuTeuT ~ Theor “OUTPUT — et ineuT — 
"LS241, $241 USED AS REPEATER/LEVEL RESTORER 


CONTROL OR Whicsiarcaee a 
_MEMORY ADDRESS REGISTER 


OUTPUT | 
CONTROL 


$c avEn—eért 


‘LS241,"6240 USED DAS ; ie ad 
PLIED b YO HANOLE BINARY OR BCD 


ORGANIZATION CAI 1884 


we "18261, $201, om 


m - Wa -t8201, S241 
_Driven 


DRIVER ee 


sagan) ne Rea a J, roorer 


OUTPUT 


RECEIVERS 


CONTROL wut CONTROL 
1) Lid TA 
; ! L 
8 § A} 
A 8 
A A. 
WONE WNONE 


PARTY-LINE BUS SYSTEM 
WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 


INDEPENDENT 4.B1T BUS ORIVERS/RECEIVERS 


#443-79]  74LS244 (conTINUED) 


Vi-In Put aa 
FIGURE 5 


= a ee rae L t age ey 2 ee eee! OME ee 
TYPICAL CHARACTERISTICS © #UY5-795, 79189 (CONTINUED) 
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SN751 89A 
OUTPUT VOLTAGE vs INPUT VOLTAGE 
Voc SV 


Re = 5k 
Vo =5V -* 28" e 


Vc—Output Voitage—V 
w 


~ Vi—Input aay 
FIGURE6 
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#4N3-795 75189 (coNTINUED) 3. 
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INPUT CURRENT | THERMAL INFORMATION © 
INPUT VOLTAGE 


DISSIPATION DERATING CURVE 


DERATE 
10.4mW/°C_ . 


FROM 
54°C | 


~— ty—-Input Current—mA 
Maximum Continuous Dissipation—W 


 -25-20-15-10 -5 0 5 10 15 2025 | 2 30 40 50 60 70 280 
_ Vj—Input Voltage—V 
FIGURE 11 


Ta—Free-Air Temperature—C 
- FIGURE 12 


NOTE 3: This figure shows the maximum amplitude of 8 positive-going pulse that, starting from zero volts, will not cause a change of the 
output level, 


“These monolithic, positive-edge-triggered flip-flops 


nS ° “Contains Eight Flip-Flops with 
7 Sin git :- Rail Outputs | 
“e “Buftered Clock and Direct Clear inputs 
5 ede ‘Individual Data Input to Each Flip-Flop 
hae Applications Include: - 
oe Buffer/Storage Registers 
«Shite Registers 


utilize TTL circuitry to implement D-type filip-fiop 
logic with a direct clear input. 


information at the D inputs meeting the setup time 
requirements is transferred to the Q outputs on the 
positive-going. edge of the clock pulse. Clock 
triggering occurs at a particular voltage level and is 
not directly related to the transition time of the 


_Positive-going pulse. When the clock input is at either 


the high or low level, the D input signal has no effect 
at the output. 


These flip-flops are guaranteed to respond to eee 


frequencies ranging from 0 to 30 megahertz while 
maximum clock frequency is typically 40 megahertz. 
Typical power dissipation is 38 milliwatts per 


flip-flop for the ‘273 and 10 milliwatts for the : 


°LS273. | | 
schematics of inputs and output 
. °273 


EQUIVALENT OF EACH INPUT TVPICAL OF ALL OUTPUTS 


74LS273° 


™m™ ~~ ~OCTAL D-TVPE FLIP-FLOP with CLEAR 


, Commtesy of Texas” ‘Instruments 


. S PACKAGE 
JORW PACKAGE 


- 8N64273, sare 
-$N74273, 3N7418273 . 


FUNCTION TABLE 
JEACH FLIP-FLOP) _ 


- tans-295 Tasos 


‘absolute maximum ratings over operating freer ir temperature range e (unless otherwise noted) 


Supply voltage, Vcc (see Note 1). 2... Sh Bo yosar & cs ci ca" SBA hy he a a a Beads oe ak etaeaeae a! we ee 

Inputvoitage 2... 2. ww Sh hit ee ictal Daag vee ev Li Obwatt cd ag Re tk af WALES a ouad eye OM 

Operating free-sir temperature range: $N54273 ee a ee ee eee a “55°C to 126°C 
ESNTAQTS a ee ee ne be, WCC 


~ Storage temperature ON Bee a PS te ed ee a we ee we eee OBO: C to 180°C 
NOTE 1: Vottage velues ere with respect to network ‘ereuna. terminel. ‘2 ak Saas ty se | ie 


recommended operating conditions 


| Supply voltage, Vcc. 
High-level output current, Ton . 
Low-level output. current, io. 


Width of ¢ clock or cal pulse, 
7 oe ‘Set-up. time, tw oe 
Poste hold times 
oS _Opereting free-sir temperature, Ta 


tthe arrow indicates that the rising edge of the cack putes ts used for reference. 
electrical characteristics over recommended operating free-air temperature range (untess other cal 


PARAMETER 
Vin Wig “level spat vottege 


Vec = MIN, Vin =2V, 
| Vig 0.8 V, ton * -800 uA 


tor conditions shown as MIN oF MAX, use the sppropriate vetue specified under recommended opersting conditions. 

TAN wolcet velues ere ot Vee = 8 V, Ta © 28°C. . 

SNot. more than one output should be shorted et e time. 

NOTE 2: With ell outputs open end 4.5 V aontied to all dete end clesr inputs, icc ts measured efter e momentary ground, then 4,6 V, is 
appiled to clock, 


switching characteristics, Vcc =5V,Ta= 28°C 


a 


Cy = 18 pF, 
Ry = 4000, 


iar. Fees ee, cee beacuse | Chee ae 


TexaS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 228012 © DALLAS, TEXAS 78268 


| TYPE SN75188 
QUADRUPLE LINE DRIVER 


BULLETIN NO. OL-S 11874, SEPTEMBER 1973-REVISED JANUARY 1977 


INTERFACE 
CIRCUITS 


Meets Specifications of EIA RS-232C gon 


Designed to be interchangeable with Motorola DUALAN-LINE PACKAGE 


(TOR VIEW) 
MC1488 Hee 2 eee aC ERE 
Current-Limited Output... 10 mA Typical 
Power-Off Output Impedance... 300 2 Min 
Slew Rate Control by Load Capacitor 
Flexible Supply Voltage Range | 
Input Compatible with Most TTL and OTL 
Circuits gen ee . 
description 
The SN75188 is 8 monolithic quadruple line driver 
designed to interface data terminal equipment with 
data communications equipment in conformance 
with the specifications of EIA Standard RS-232C 
with e diode in series with each supply-voltage 


terminal as shown under typical applications. The 
device is characterized for operation from 0°C to 


oC ey 


schematic (each driver) 


: — , "We high level, L_© tow tevel, 
» ee aig? © relevent 

| oureut 

one 

Vec~ All resistor values shown 


; ere nominal and in ohms, 


absolute maximum ratings over operating free-eir temperature range (untess otherwise noted) 


Supply voltage Vece at (or below) 25°C free-air temperature (see Notestand2).......-222+- VY 
Supply voltage Vcc at (or below) 25°C free-sir temperature (see Notestand2) 2... +--+. +. I5V 
out voltagerangs coca 4c 6 ke oe kee Ga. etn ERA Ree As S 15 Vt0o7V 
Outputvoltagsrange 6 6 ee we ee ee ee ee ee ee ee If Vt 18V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note2) - - - - ss se ss iW 
“Operating free-air temperature range 6 we ee 0°C to. 75°C 
Storage temperaturerange 66 ee ee es .  e =68°C to 175°C 
Lead temperature 1/16 inch from case for 60 seconds: J package . Bc gncewihe ratte aie, Boies eae Sak 


Lead temperature 1/16 inch from case for 10 seconds: N package ee 


NOTES: 1. All voltage values are with respect to the network ground termine! _ ae ores : 
2. For operation ebove 25°C tree-aly temperature, rater to the Meximum Suppty Voltege Curve, Figure 6, end the Dissipation 


Dereting Curves in the Thermal information Section, which begins on pege 21. in the J package, SN75166 chips ere glass-mounted. 


foiga 


TtrHe Transition time, high-to-low-level output? 
Cc 


88 


electrical characteristics over operating free-air temperature range, VCC+ = 9 V, Vcc—2-9V 


(unless otherwise noted) 
7 MIN Typ? MAX 
PARAMETER TEST CONDITIONS sce Notes 


Vin __ High-level input voltage ae een 
Vie Low-ievel input voitage 


‘#443-794 
751 


Vec+ "9. f 
Vec—2-9V 
Voce 9 13.2 V, 


> 


Von High-level output voltage 


Vec— 2 -13.2V eee 
. ts : 9 ae 7 -6 
mae = 
ln Mie inp cones Cis 
Ti, Lowievel mputcurent SSS 
1OS(H) Short-circuit output current at high level @ TV, 208V, Vo 20 [6 10 12 | 
V,21.9V, Vo 270 T6012 | 


losiL} Short-circuit output current at low level @ 


Vec+= 9, Vec—* 0, 
Vo2-2Vto2V_ 


Veer" 9V, Ail inputs at 1.9 V 
No toad All inputs at 0.8 V 45 


fo -Qutput resistance, power off 


Voce = 12, 


No load Vv: 


Alt inputs at 0.8 


All inputs at 1.9 V 


Icce Supply current from Voce 


| Alt inputs at 0.8 V 


All inputs at 1.9V_| inputs at 1.9 V 


Notoad — | Allinputs at 0.8V 
Veco * 12 V,] All inputs at 19V 
No load All inputs at 0.8 V 


loc~ Supply current from Voc. 


No toad, 


Voces 9V. Vec~ 2 -9V, 
No load 
Voce? 12V, 
Noload 


Pp Tota! power dissipation 
. - Vecn=-12V, 


tau typicel velues are at Ta ° 25°C. 
Not more than one output should be shorted et a time. 


NOTE 4: The elgebraic convention, where the less positive (more negative) Heit Is designated es minimum, Is used In this data sheet for lagic 
voltage levels onty, ¢.g., if —6 V Iss maximum, the typical vatue ts a more negative voltage. _ 


switching characteristics, Vcc+ = 9 V, VCC—* ~9V, TA 225°C | 
AL e3kN, 
See Figure 1 


CL = 15pF, 


tTLH Transition time, low-to-high-level output § Ry 23 ka to 7 kN, Cy = 2500 pF, 
tTHL _ Transition time, high-to-low-level output§ See Figure 1 


Treasured between 10% and 90% points of output waveform. 
§ Measured between +3 V and —3 V points on the output waveform (EtA AS-232C conditions) 


| ty G2 Se 


The pulse. tor hee the followin ectrle: ty 9 0.8 8, PRA = 4. Mit, 29 =80 0, 
“CL cae pee alpen 


‘PIQUE 1=PROPAGATION AND: TRANSITION Times 


“TYPICAL: CHARACTERISTICS 


“ SQUTRUT CURRENT 


cal 


12 16. 
Neibaea Geet 
“FIGURE 3 
enonirconcurt cureut cunnent men mere 
PREE-AIn TEMPERATURE LOAD CAPACITANCE 
me J — SSS SHHSSS ecs: Vote *9V- 
ee Ea ie—ttttih vec- *-8V 
> os || a Sasiiiamseiih ioe 
ees TS 
oh j Jase Se Ste 
i mt Sie SSH Serr 
SELLE LLL | a 
w gcecbnenaae pamhiaamees 
7 "FIGURE 4 | PIGQURES 
badge! oH (CONTINUED) 
a | a | ] 


2 5 ae 


cmd ee met eran 
VOLTAGE WAVEFORMS 


at Vou 


INPUT FROM 
TTLOR OTLYS 


‘THERMAL INFORMATION 


MAXIMUM ee VOLTAGE 


eh FREE-AIR. TEMPERATURE 


0. oo ie — — — ne 10 80 
JacFreeAlr Temperature Cc 


FIGURE 


TEVRIGAL: | APPLICATION DATA» 


~ OUTPUT TO RTL 
0.7 V.TO37V 


OUTFUT TO OTL 
-0.7 V 106.7 V 


. OUTPUT TO.HNIL 
0.7 T0 10 V 


. OUTPUT TO MOS 
-~10VTOOV 
10k2 


~12V 


1/4.SN76188 


Voce * 12 V 
Vegm==12V 


» FIGURE 7~LOGIC TRANSLATOR. APPLICATIONS 


_» Diodes. placed i in series with the Vocy and Vec-— leads will protect 
the SN75188 in the fault. condition where the-device outputs are 


= shorted.to £15. V.and the power supplies are at low wyotin and 
_ provide. low-impedance Paths to ground, 


SN75188, 


_ FIGURE &~POWER SUPPLY PROTECTION TO MEET 
POWER-OFF FAULT CONDITIONS OF 
EIA STANDARD AS-232C 


Courtesy of Texas Instruments 


Input Resistance ... 3 kQ to 7k 


Input Signal Range .. . +30 V rae -@ Response Control Provides: 
Input Threshold Shifting 


Fully Interchangeable with | Mototola input Noise Filtering 


MC1489, MC1489A 7 
Operates From Single BV Supply 


schematic (each receiver) 


CONTROL 


JORN 


e Built-in Input Hysteresis (Double Thresholds) 


e Satisfies Requirements of EIA RS-232-C 


DUAL-IN-LINE PACKAGE (TOP view) 


Vcc a a 
k OUTPUT Veo 4A CONTROL 4y 3A CONTROL 3Y 
RESPONSE * , 
INPUT 
A 
GND 


_SN75189 
Ri §=«10k 2k 


Resistor values shown are nominal and in ohms. 


SN75189A 


CONTROL  - CONTROL 


positive logic: Y = A 


description , 


The 'SN75189 and SN75189A are monolithic quadruple line receivers. designed to satisfy the raquwenents of the 


: . Standard RS-232C. A separate response contro! terminal is provided for each receiver. A resistor or a resistor and bias 
voltage can be connected between this terminal and ground to shift the input threshold voltage levels. An external 


standard interface between data terminal equipment and data communication equipment as defined by EIA 


Capacitor can be connected from this terminal to ground to provide input noise filtering. 


absolute maximum: ratings at 25°C free-air temperature (unless otherwise noted! : 


_ Supply voltage, Vcc (see Note 1) hae ee Me tee oe a es whe we Hee tee as Che 10V 
Input voltage Peg oe ee eae ee er ee ae a +30 V 
Output current _ ge Gm Bt DNS Patel eal ta ae ok oan Ste aS es Te, eee a ae ee 20mA . 
Continuous total dissipation at (or below) 25° C free -air r temperature (see Note 2) ee ee ee 1W 
_ Operating free-air temperaturerange . . 1.) 2. e isthe Nips CPt eae ea Oi eee eek, 0°C to 75° Cc 
_ Storage temperature range a ae a ese igh eee ; re . joe, at Get ee ee —65° Cto175°C . 
Lead temperature 1/16 inch from case for 60 seconds: “ipsckage oe ee ee eat ean ae 300°C — 
. Lead temperature 1/16 inch from case for 10 seconds: iN package - er ee me eee ae re ae 260°C 
ores: 7 : 


#443-795 75189 


1. Voltage values are. with fespect to the naiwork: ground termindl. 
2. Fo or operation above 25° . free. -air temperature, refer to Dissipation Derating Curve, . Figure 12. °° 


#443-795 75189 


nl 5 795 75189 cont nueD) 


: electrical: characteristics over operating free-air temperature range, Vec = 5Vi 1%, (unless 0 otherwise Noted) 


TT SN7S189° _ SN751 
4 MIN Typt MAX. Min 


PARAMETER 


V4 Positive going threshold voltage 


ayy : - tate input current 


tos. Shoreciveuit “output current 


Tan characteristics‘ ‘are measured: with the response contro! terminal. open, 

FAIL typical values are at Veo= 5 V, Ta = 25° Cc. 2 me 

switching characteristics, Vcc= 5V, .TAs 25°C ioc ade 4, 0a 8 
Ee on ctere on kee | Figure] 

tPLH Propagation ala time, Tow-to-high-level o output | 

tPHL Propagation delay time, high-to-low-level output 

tTLH Transition time, low-to-high-level output 

TTHL Transition bbisilic albino outpot eo 4 fey =i 

PARAMETER MEASUREMENT FINO RMA 


lon 


RESPONSE 
CONTROL 


OPEN | 
UNLESS @ Re 


OTHERWISE Cc 
SPECIFIED | a 


FIGURE 1--V74, Vr_, Von. Vo | FIGURE 2-114, iL. tec FIGURE 3—I9g 
Vcc | 


: r on == RESPONSE 

_ RESPONSE oe | “CONTROL 
“ CONTROL ; ne je OPEN 
OPEN. a | 


tee is tested for all four. 


receivers: simultaneously 


Ri 


PULSE . (See Note C) ' oie -s ewe = OV 
GENERATOR i PHL too} ee tPLH 


(See Note A) 


OuTPuT 


Cy = 15 pF a | , O% “l= — VoL 
(See Note B) ‘ ee ee ae 
| . 1 (THe —el, — | a Pi 
TEST CIRCUIT 


NOTES: A. The pulse generstor has the following 
characteristics: Z,.4, ~ 50 2, ty = 500 ns. 
8. Cy. includes probe and jig capacitance. 
C. All diodes are 1N3064 or equivelent. 


VOLTAGE WAVEFORMS 


FIGURE 4—SWITCHING TIMES. 
§ 4rrows indicete ectuel direction of current flow, Current into e terminal is e positive value. 


#443-795 75189 (contiNueD) 2 


PIN ASSIGNMENTS (TOP VIEWS) 
QUADRUPLE BUS BUF FER GATES WITH THREE STATE OUTPUTS 


positive logic: 
YoA 
‘Output Is off (disabled) when C is high. se vy y¥ GNO . 
: -§N64128 (J,W)  8N74125(J,N) 
See page 6-33 SNB4L8126A (J, W) SN74L8125A (J, N) 


i 
"025, "428 
[eae NOM MAX | 


temperature range {unless otherwise noted) - 


“SERIES 60 SERIES GALS | SERIES 4S 
seniesm =| seniesvas | SERIES 748 


928, °128, 


eee 

a OR 

Voc * MIN, [24 34 
a ) <3 

[eo 100 


* Far conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
Fan typical values are at Voc = 5 V. Ta 25°C. ; | _ 
$1) = —12 mA for SNS4‘/SN74’ and —18 mA for SNS4LS‘/SN74LS’ end SNS4S‘/SN74S’. 


#43811 74LS125 


switching characteristics, Voc = 5 V, Ta = 25°C 


-ONot more than one output should be shorted ate time, and for SNS4LS°/SN74LS’ and SNS4S'/SN 74S’, duration ot the short circuit should not exceed one second. 


#443-811 


"125A, 425 CIRCUITS ~ 


~ supply current! PO 


PARAMETER — 


Propagation delay time, 


LH low-to-high-leve! output 
Propagation delay time, . 


high-to-low-level output 


|[FeZH Gurpat enabie time to high level 
_ PRezi_Onpat enable tine wo Tow evel 
[en Outoot eae time From hiah love! 


TESTCONDITIONS | tcc ima) __| 
DATA OUTPUT |. _ 

me pete mg | MIN TYP , 
INPUTS CONTROLS — ee Ae 


@ Maximum values of icc are over the recommended operating 
ranges of Vcc and Ta; typical values are at Vcc = 5 V, 
Ta = 28°C. oe - 3 


8 13 


TEXAS INSTRUMENTS 


NCORPORATED 
POST OFFICE BOX SOL2 » DALLAS, TEXAS 75222 


TEST [125,425 [126,426 | TEST — | "LS125A_ | “LS1264 | 
CONDITIONS# [TYP MAX |TYP MAX |CONDITIONS* 


“Cr=eer [8 8, 10 16) CL~ser, 
R_=4000 [7 12] 12 18) Ry =6670__ 


THLS125 


TYP _MAX|TYP_MAX | 


#443-816 74LS09 


- GUARANTEED OPERATINGRANGES 
_“$ymeo. |. PARAMETER 
~ Vec | Supply Voltage er 


“TAS: Operating Ambient Temperature Range 


Output Voltage — High 


Output Current — Low | 


pc CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


*OPEN COLLECTOR OUTPUTS Oe 7 RULAROI ov. ver LIMITS . | | 
3 SYMBOL PARAMETER TP | Max] UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage for 
All Inputs 


pak a Guaranteed Input LOW Voltage for 
be oo 08 an All Inputs Wear IR Se ges 
| f-o6s | =-15 | ov | Voc = MIN iy =—18 mA 
[sara [| | 100 | wa |Vcc=MINVoH=MAX 
(5474 | | 02s | 04 |v [tor=40ma | Vcc=Vcc MIN, 


per Truth Table» 
| 20 | WA | | 
| 01 | mA | Vcc=MAX Vin =7.0 V 
0.4 


J Suffix — Case 632-06 (Ceramic) - Mi 


Input HIGH Voltage 
N Suffix — Case 646-05 (Plastic) - Porte gach eo iiss cat 


__ | Input Clamp Diode Voltage 


sw7aisoa9 | 


“Vcc = MAX, Vin =2.7 V 


- |input HIGH Current 
Input LOW Current 
Power Supply Current 
Total, Output HIGH 
Total, Output LOW 


| LIMITS 
PARAMETER TYP UNITS 
TYP 


| MIN | | MAX _ 
Turn Off Delay, inputto Output | | 20 | 35 | 
Turn On Delay, inputto Output |_| | 35 


QUAD 2-INPUT AND GATE lec 


LOW POWER SCHOTTKY 


TEST CONDITIONS 


Vcc = 5.0V 
CL = 15 pF, RL = 20k0 


#4N3-816 74LSB9 


54/7476 
54H/74H76 
S4LS/74LS76 


The 74LS76 is a negative edge triggered 
flip-flop. The J and K inputs must be stable 
only one setup time prior to the HIGH-to- 
LOW Clock transition. _ 


The Set (Sp) and Reset (Rip) are asynchro- | 

_ nous active LOW inputs. When LOW, they 
override the Ciock and data inputs forcing 
the outputs to the steady state levels as 
shown in the Truth Table. 


DESCRIPTION 
The “76” is a Dual JK Flip-Flop with individ- 
ual J, K, Clock, Set and Reset inputs. The 
7476 and 74H76 are positive pulse triggered 
“flip-flops. JK information is loaded into the 
master while the Clock is HIGH and trans- 
ferred to the slave on the HIGH-to-LOW 
Clock transition. The J and K inputs must be 
stable while the Clock is HIGH for conven- 
tional operation. 


ORDERING CODE | (See Section 9 for turther Package and Ordering Intormation) 


PACKAGES 


. | Figa 
|Ptastic DIP Fig A 


. | FigA | 


MILITARY RANGES 
Voc = SV £ 10%; Ta = -55°C to “125°C 


‘S5476F ¢  SS4H76F 


COMMERCIAL RANGES © 
Veg ™ SV t 8%; Ty = °C to °70°C Vec = Pin § 


GNO = Pin 13 


N7476N@—sON74H76N_ 
NTALSTEN 


N7476F os @sNT4HI76F 


N74LS76F _. S54LS76F 
Fig A | SS476W  ¢ = SS4H76W 
Fig A _ SS4LS76EW 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE (a) | 


PINS | sara | sanvtan | sasvras | sasiras | 
ao a tit (yA) 80 
[80 | 100 60 
mima).| -32 | -40 -0.8 


lite (eA) 

ti AP 
tin (mA) | ; 
Vira uA) 
tu. (mA) 


lon (uA) 
lor (mA) 


Rio Reset input » 


So Set input Figure A 


JK Data inputs 


Q & QO Outputs 


Supply current 

NOTES . eet Gat | | 

a. The slashed numbers indicate different parametric values for Military/Commercial 
temperature ranges respectively. ; 


b. For family d¢ characteristics, see inside front cover for $4/74 and 54H/74H and see 
inside back cover tor 54S/74S and 54LS/74LS specification. 


4443-829 
— Sas76 


; Setup time 
a 


443-829 
Heyer 


MODE SELECT—TRUTH TABLE 


INPUTS OUTPUT: 
- OPERATING MODE. . 


Asynchronous Set 


Asynchronous Reset (Clear) 
Undetermined (c) 
Toggle 

Load “0” (Reset) 
Load "1" (Set) 
Hold “no change” 


aerarterT 


HIGH voltage level steady state. 
LOW voltage level steady state. 
HIGH voltage fevet one setup time prior to the HIGH-to-LOW Clock transition ‘el 
LOW voltage level one setup time prior to the HIGH-to-L OW Clock transition. fe} 
Don't care. 

- Lower case letters indicate the state of the referenced output prior to the HIGH to 
LOW Clock transition. 

= Positive Clock pulse. 


1 | 


a#4& 


54/74 


Cy = 15 pF 
RL = 4000 


-§4H/74H | 
Cy = 25pF 
Ry = 2801) 


TEST CONDITIONS | 


PARAMETER 


Maximum Clock 

= toe | wee 
tPLH Propagation delay ae 

teHL Clock to Output Waveform 4 | 


Propagation delay 
Sp or Ap to Output 


tPLH 
teHL 


Clock pulse 
twiH) width (HIGH) 


Clock pulse 
tw) width (Low) 
Set or Reset pulse 
twit) width (LOW) 


Hold time 


' NOTES 


¢. Both outputs will be HIGH while both Sp and Rip are LOW. but the output states are 
unpredictable if Sp and ip go HIGH simultaneously. 

@. The 74.S76 is edge triggered. Data must be stable one setup time prior to the negative 
edge of the Clock for predictable operation. 

e. The Jand K inputs of the 7476 and 74H76 must be stable while the Clock is HIGH for 
conventional operation. 


siqnetics 


INCOR PORATED 


TEXAS, INSTRUMENTS -OCTAL D LATCH — | | | —_ _ #UUZ-337 7ULS373 


Courtesy of Texas Instruments 


e Choice of 8 Latches or 8 D- ie Flip-Flops SN54LS373, SN54S373 ... J PACKAGE 
_ SN74LS373, SN74S373 .. . J OR N PACKAGE Sh eons tot 
Ina Single Package _ eee oy eae (TOP View) ee sc pint nf ben “LS373, ‘S373 


__ TRANSPARENT LATCHES 


-3-State Bus-Driving Outputs i 
- Full Parallel-Access for Loading == ; oe vase cne 
Buffered. Control Inputs pate output _() -{ > 
_Clock/Enable. Input Has Hysteresis to 0 Improve : CONTROL 
. Noise Rejection | es ee 
@ P-N-P Inputs Reduce D. C Loading 0 on ipa. 
~~ Data Lines” | : te Fg | 
ae 
Lok op 4 
OuTeut 10 Nae 
CONTROL oe 
| - (8) 5g 
‘LS373, ‘S373 : 7 onene | 
FUNCTION TABLE _ bogic: see function table : vs ie, Oui 4D (7). 
OUTPUT | ENABLE | | | ee ee Rane 
ys ae (6) 
—— Sa 
40 (8) 
(9) 40 
| 5D - (13) 
description . fe: 7 | Bye ao | ar dee te 
_ Ds (14) 
Ae oOo —— 


These 8-bit. registers feature totem-pole three-state outputs ‘aclaned specifically for driving highly capacitive or 
relatively low-impedance loads. The high-impedance third state and increased high-logic-level drive provide these 
registers with the capability of being connected directly to and driving the bus lines in a bus-organized system without. 
need for interface or pull-up components. They are particularly attractive for implementing buffer registers, 1/O ports, levee (ae Mage (17) 


bidirectional bus drivers, and working registers. 70 

The eight latches of the ‘LS373 and ‘S373 are transparent D-type latches meaning that while.the enable (G) is high the ~ (16) 

Q outputs will follow the data (D) inputs. When the enable is taken low the output will be latched at the level of the : 7a 
| data that was setup. 8D (18) 
The eight flip-flops of the 'LS374 and $374 are edge-triggered D-type flip-flops. On the positive transition of the clock, 1 (19) 

the Q outputs will be set to the logic states that were setup at the D inputs. ENABLE ; a 

(11 
Schmitt: -trigger buffered inputs at the enable/clock lines simplify system design as ac and dc noise rejection is improved G pp. ° 


by typically 400 mV due to the input hysteresis. A buffered output control input can be used to place the eight 
outputs in either a normal logic state (high or low logic levels) or a high-impedance state. In the high-impedance state 
the outputs neither load nor drive the bus lines significantly. 

The output control does not affect the internal operation of the latches or flip. flops. That is, the old data can be 
retained or new data can be entered even while the outputs are off. 


#443-837 74LS373 


chematic of inputs and outputs ‘LS373 


EQUIVALENT OF DATA AND 
OUTPUT CONTROL INPUTS 


EQUIVALENT OF ENABLE INPUT TYPICAL OF ALL OUTPUTS 


Vcc 100 2 NOM 


Vcc 
INPUT 


OUTPUT 


Data: Reg * 20 k2 NOM 
_ Output control: Reg = 18k? NOM 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted). 


Supply voltage, Vcc (see Note 1). eet: ae hate & Pak Tas me See os od Ursa. ee ek 
Input voltage 2. ee ee es ge rege at ih eee, Ok WS eg Ee ee ieee 7V. 
_ Off-state output voltage he eh | 5 Ge dn HO eek! ee ee tee ES “7Ve 


—55°C to 125°C. 
0°C to 70°C 
—65°C to 150°C 


Operating free-air temperature range: SNS4LS° - - - ee ee 
: a | SN 74S) ey ak ot egy we, A Ne 
| Storage temperaturerange © 6 6 ee ee 


NOTE 1: Voltage values are with respect to network eréund derinals: 
recommended operating conditions a 
Supply voltage, Vcc ee 


| High-level output voltage, VOH 
|.High-level output current, |OH 


| i Width of clock/enable pulse, ty, 


’LS373 
"LS374 
‘LS373 
‘LS374 


Data setup time, tg, 


| Data hold time, th 
Operating free-air ternperature, TA 


tf The arrow indicates the transition of the clock/enabie input used for reterence: T tor the low-to-high transition, 4 for the high-to-low transi- 
tion, 


#443-837  74LS373 (CONTINUED) = 


fmax 
{PLH 


PARAMETER 


High-level input voltage 


Mit Low-level input voitage 


Vik Input clamp voltage 


Vcc = MIN, Vin =2V, 
Vit = Viemax, to = MAX 
—Vec=MIn, Vin =2V, 
Vat = Vigmax. . 
Veco = MAX, Vin = 2 V, 
Vo=2.7V | 
Veco = MAX, Vin =2V, 
Vo 704V 


VOH High-level output voltage 


Voy Low-level output voltage 


Off-state output current, 


l 
O2H high-level voltage applied 


; Off-state output current, 
O2ZL  jow-level voltage applied 


maximum input voltage 
Tn Mighlevelinputeurrent | VeG=MAX, Wy=27V | 
is Hains cwrnt_ | Wes ae 


Veo = MAX, W=7V 


OS... 
Vec = MAX, ‘LS373 
{ S ly current 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAN typical values are at Voc * 5 V, Ta = 25 C. 


§ Not more than one output should be shorted at a time and du ration of the short circuit should not exceed one second, 


25°C 


switching characteristics, Veg = 5 V, Ta = 


PARAMETER a bie 19 att ae 
(INPUT) (OUTPUT) . 


Some] a 
Sicck Gr CL =45nF, Ry = 6672, 
. Any .Q. 
enable | 


See Notes 2 
Any Q 
Any Qa 


NOTES: 2. Maximum clock frequency is tested with al! outputs loaded. 


“Cy =5 


Output — pF, Ry = 6672 


Control — 


frmax = maximum clock frequency 

tp_H = propagation delay time, low-to-high-lavel output 
tpH _ = propagation delay time, high-to-low-level output 
tp7H = output enable time to high level 

tpz, = output enable time to low level 


7 tpyz = output disable time from high level — 
tpg = output disable time from low level 


#4Y3-857 


74LS36/ 


TRUTH TABLE 


‘recommended operating conditions — 


74 


| Sibi Warnes 
High4evel output current, 1OH 7a 

Lowlevel output current, to. ; : ‘ “5 

| Operating free-air temperature, Ta ie : 74 


‘electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


aan TEST ' 
: t 
PARAMETER FIGURE TEST CONDITIONS! 


Vv High4evel input voltage af 


IH 
Vic  Low-devel input voltage 
K 


Vv input clamp voltage 


VoH = High4evel output voltage ; 


Vcc = MIN, Vin =2V, 


Vin = 2V, 
Vit = Vit max 


VoL Low-level output voltage 


t Off-state (high-impedance state) Vcc = MAX, 
o output current Vit = Vir max 
yy Input current at maximum input voltage 


1444 High-level input current Vec = MAX 


Vcc «= MAX, V+=0.5 V, 
Either G input at 2 V 


te Low-level input current Vcc = MAX, V1 20.4 V, 
Both G inputs at 0.4 V 
[Sinus || Veg = MAX. Visa, 
tos Short-corcurt output current® 6 Vcc = MAX —S- , 
‘cc Supply current Vec = MAX 


BUS DRIVERS WITH 3-STATE OUTPUTS 


VeorMiN, ues 


Vin = 2, 
1Vo704V | =0.4V 
veces ere 

: 


ViesVimes,_ton-max [TeFaniy [2a at] 
Vec=MIN, | Family | 
EC lon = MAx joa tamily aa 


SQ367 08), (WA/PSIGTEN, (003, (28: 
- $4LS8267/74LS357(4), (8), 84) 


SERIES S4LS 

‘SERIES 74LS.— 
- "LS365A. "LS366A 
| *bS367A,‘LS3e8a | 


“SERIESS4 


FAMILY: 
 SERIES74° 


FAMILY | 


‘Family. 


“64 Family | 


Family. f 
Family | —55. 
Family | 0. 


“SERIES S4LS 
“SERIES 74LS 


- SERIES 54 
. ‘SERIES 74 


‘365A, ‘366A ‘LS365A,‘LS366A | UNIT 
"367A, ‘368A "LS367A, ‘LS368A 


| MIN TYPt MAX | MIN TvPt MAX 


° 
~ 


wW 
w 


N 
> 


> 


i eS pes ce oO Os coe eee 
See tate on next page mA 


t For conditions shown as MIN or MAX, use the appropriate vaiue specified under recommended operating conditions. 


Lait reical values are at Veco =6 V. Ta = 28°C. 
$1, = —12 mA for GN64‘/BN74’ and —18 mA for SN64L8'/SN74LS’, SN648/SN7438'. 
®not more then one output should be shorted at a time, and tor SN64L8'/SN74L89' and 8N6548’/S 


N 748’, duration of output short-circuit should not exceed one second. 


443-857 74LS367° 


supply current? 


TYPE 


‘9654 ‘367A ‘: 


CONDITIONS 


"LS365A, 'LS367A 
'LS366A, ’LS368A 


4 Maximum values of icc are over the recommended 
operating ranges of Vcc and Ta. typical values are 


at Voc = 5 VTA = 25 C. 


schematics 


TO OTHER DRIVERS 
1 OF 6G ORIVERS 


CONTROL 
INPUT 
Gi ourrur 
CONTROL 
INPUT 
é2 
-GNO 
DATA 
INPUT 
a 
. }r0 OTHER DRIVERS 
‘365A CIRCUITS 
1 OF 2 CONTROL SECTIONS — 1 OF 6 ORIVERS 
t ie ' 
- mY.) 
! mae 
7 
contro. | U ; 
INPUT 
61 0ARG? ae ouTeut 
| 
{ 
3 
' 
GND 


Sree ee eee aft ---------}----- 


iNPuUT 

A TO OTHER DRIVERS OF SAME SECTION 
TO OTHER CONTROL SECTION 
TR is 600 22 for the control AMO OTHER OIVERS 
section associated with Gi, 

; ! 
and 100 2 for the control 367A CIRCUITS 


section associated with G2. 


switching characteristics, Veco 75V.T a= 25°C 
[CSERIES 4/74 


TEST 
PARAMETER* "365A, ‘367A ‘366A, "368A 
; TYP MAX TvP MAX 


*teL Hy = Propagation delay time, low-to-high-level output 
_ tpHy = Propagation delay time, high-to-low-level output 
tpzH = Output enable time to high level 


#443-857 74LS367 (CONTINUED) 


SERIES 54LS/74LS 


“LS365A, ‘LS367A |‘LS366A, ‘LSI68A 
15 


TEST 
CONDITIONS 


16 


‘Cy = 45 0F, 
Ry, = 667 2 


TvPp 


tpz L = Output enable time to low level 
tpHz = Output disable time trom high level 
tp_z = Output disable time trom low level 


YO OTHER DRIVERS 
CONTROL SECTION : 1 OF GORIVEAS 


CSS SS —_—w me ee eee 


vec 


CONTROL 
INPUT 
mn ourrut 
CONTROL 
INPUT 
&2 - 
GNo 
pata 
INPUT 
fs . 
}ro OTHER DRIVERS. 
°366A CIRCUITS 
1 OF 2 CONTROL SECTIONS --YOF BORIVERS m 
Pall do = ot Sn, LOS DRIVERS = 
CONTROL 
inpuT ourPuT 
61 0R G2 v 
GNO 
mm toon - no n- a fe -l----g----- 
INPUT 


“ TO OTHER DRIVERS OF SAME SECTION 
TO OTHER CONTROL SECTION 


TR is GOO 2. for the control AND OTHER DRIVERS 


section associated with Gt ° 

; 5 
and 900 22 far the contro} soe CIBCUNTS 
section associated with G2. 


Resistor values shown are nominal! and in ohms. 


43-857 THLS367 (CONTINUED) 


____TYPES SNS4LS13, SN54IS14, SN74LS13, SN74LS14 
MITT-TRIGGER POSITI\ | 


IVE-NAND GATES AND INVERTERS = | 2 | aie ee 
WITH TOTEM-POLE OUTPUTS ®t Be —  tHH3-879 TELS TY 


© Operation from Very Slow Transitions SNS4LS13...JORW PACKAGE 
© Temperature-Compensated Threshold Levels — pane lies Seta 


© Temperature-Compensated Hysteresis, 
TypicallyO8Vtst—S 


8 High Noise Immunity : : ee 


TYPICAL APPLICATION DATA 


description — r 
Each circuit functions as a NAND gate or inverter, — 
but because of the Schmitt action, it has different 
input threshold levels. for positive- and negative-going 
signals. The hysteresis or backlash, which is the 138 NC 10 1Y GND 
_ difference between the two threshold levels, is positive logic: Y= ABCD 
typically 800 millivolts. | _, | N@=No internal connection 


SINE-WAVE 
oscittaton [7 


These circuits are temperature compensated and can 
be triggered from the slowest of input ramps and still Oo : 
give clean, jitter-free output signals. . bd | SN741514 iad Ce N'PACKAGE 

- arrears 


SNS4LS14... JOR W PACKAGE ATL SYSTEMINTERFACE 
ae 7 or ore FOR BLOW INPUT WAVEFORMS 


_ schematic (each gate) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ....... tt; ete et ae he ee, Sh Yea Se) cae com aces ke a te 7V 
MUEWONOQG: 50 426 oh, fhe dre ee Gn Side a Seid Bey dy Bote Gh odo usd ce hoi ge we eh 7V 
Operating free-air temperature range: SN54LS13,SN54L$14 . . .. dt, te ew. .)6=85°C to 125°C 

SN74LS13,SN74LS14 . 2... wl, » .. O'Cto 70°C 
Storage temperaturerange 2 2... kee ee . 1...) 665°C to 180°C 


NOTE 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 
; PULSE STRETCHER 


SNS4LS’ SN74LS’ 
| [MIN NOM MAX | MIN NOM Max] UNI 
beers gs } 
Supply voltage, Vcc | 45 5 58] 4.75 5 5.25 


;_igh-level output current, [Op 


| . owleyel output current, Io ae | eee ie 


Operating free air temperature, Ta 


#443-872  74LS14 


a 443-872 74LS14 (conTINUED) 
TYPICAL CHARACTERISTICSt 


POSITIVE-GOING THRESHOLD VOLTAGE NEGATIVE-GOING THRESHOLO VOLTAGE 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER. - 


. : : : : : : ; vs vs 
Positive-going threshold voltage | oe Vcc =5V ete ; FREE-AIR TEMPERATURE . - FREE-AIR TEMPERATURE 
Negative-going threshold voltage 1.70 0.90 


Vcc =5V 

Veco =5 Vo be ale bs 
Voc = MIN, lou = —400 HA, 
V;=0.6V ; 


Vcc = MIN, 
[Vps2v_ lo, =8mA_ 


V+ - VT... Hysteresis =5V 


< 
ie 
o 


input-clamp voltage 


Vou High-level output voltage 


VOL _ Low-level output voltage 


ee 
aca 
| I\ 


its ‘Input current at positive-going threshold oe i 
ly Input current at negative-going threshold 1.63 0.83 
y "> + Input current at maximum input voltage TWec= MAX, Vi=7V—__| 1.62 0.82 


! 
| High-level input current 


T —Negative-Going Threshold Voltage—V 


[Vea = MAX, Vy = 2.7V 
[Wec= MAX, vizoav [OF 


tH 


°° 
o 
- 


. Vy 4 Powtive-Gor ig Thresho.w Voltage- V 


_ Low-level input current. 


| mA | 1.60 - : 0.80 : 
Short-circuit output current§ Voc =MAX -6 0 | | mA -75 -50 -25 0 25 50 75 100 125 -715 -50 -25 0 2 S0 75 100 125 
Pas oe oe ae a , : T,, —Free-Aw Temperature-C ™ a T, —Free-Air Temperature: °C 
a Vec=MAX,[usi3 | Si) | A | =: are 
1CCH Supply current, all outputs high Vv, =0V ‘cia gee gee - en . 
Ce ee eee : ~ TVeg = MAX, | ‘S13 7 a 41 vs of | DISTRIBUTION OF UNITS 
of of Supply current, all outputs low IwMeasv [usta Tt | | FREE-AIR TEMPERATURE = _ FOR HYSTERESIS 


te or conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAn typical vatues are at Voc = 5 VV. Ta 2 25 C. 


§ Not more than one output should be shorted at a time. | z g TAF 25°C Fe 
Ties hue ocean | ee Ae 
switching characteristics, Vec =5V,Ta= 25°C | : E rf e 
| ane a eRe nee 
PARAMETER TEST CONDITIONS . : I g 
ie | “IMIN TYP. MAX | MIN TYP MAX i : Sree cse ¥ 
Propagation delay time, low-to-high-level output ee ee Ed ¢ 
~ Ttpye —» Propagation delay time, high-to-low-level output ae oe 18 27 , 1522 | t g | Paes 
ERR RRET ES : : ; oe ; 3 2 Lf 
PARAMETER MEASUREMENT INFORMATION © Py IS 
Test 3 Ree eur ee" | | 720 740 760 780 800 820 840 860 880 
POINT Voc. : eS _ 4 T ,—Free-Air Temperature--°C Vy —Vip_~Hysteresis-mv 
INPUT aa i he THRESHOLD VOLTAGES AND HYSTERESIS : ~, QUTPUT VOLTAGE 
ie. & | | “ | mit ae 
oOuTPUT fo tPHL tp 20 ; Pl me ae 
UNDER ! nen Voor bv 
TEST Cy = 15 pF | 


(See Note B) 2 er ‘ 
= ob iets ee! aie oe . Positive-Going Threshold Voitage, Vy, a 


LOAD CIRCUIT VOLTAGE WAVEFORMS _Negative-Going Threshold Voltage, Vi 


Vo- Output Voltage-V 
an 2 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: 
Zout = 50 and PRR < 1 MHz, ty < 15 ns, ty <6 ns. . 
8. Cy includes probe and jig capacitance. 
C. Alt diodes are 1N916 or 1N3064. 


Thresnold Voitaye and Hysteresis—V 
; -_ 
° 


as 0 4._1___t 
45 4.75 5 5.25 5.5 ) 04 O08 12. . 16 2 
, Veco ~Supply Voitage—V a . V,—tnput Voitage-V cs 


— "Date for temperatures below 0°C and sbove 70°C and supply voltages below 4.75 V and above 5.25 are applicable for SNS4LS13, SN54L514, - 7 
and SN54LS$132 only. ‘ 7 Pee 


DN, 


wiyj3-872  74LS14 (conTINUED) 


6 TES WIT H T OTEM-POLE OUTPUTS Courtesy of Texas Instruments 
: PIN ASSIGNMENTS (TOP VIEWS) - | 


POSITIVE-OR GATES 


aw WwW OW ee OW a 
SN5432(J,W) — SN7432 (J, N) 
SNS4LS32 (J,W) SN74LS32 (J, N) 

_ SNS4S32(J,W) —SN74S32 (J, N) 


recommended operating conditions 
S4 FAMILY SERIES S4LS 
74 FAMILY SERIES 7418 


High-level output current, 10H 


Low-level output current, ion 


Operating free-air temperature. Ta 


electrical characteristics over recommended free-air temperature range (unless otherwise noted) | 
SERIES 74LS 


“ee | UNIT 


MIN TYP: MAX ! 


TEST 


PA ETER 
RAMETE BiaoAe 


TEST CONDITIONST 


Vin High-leve! input voltage 
iL 


Vv Low-level input voltage 


Input clamp voltage 


ViK 
VoH  High-leve! output vottage 


Vout Low-level output voltage 


Vcc = MIN, 


7 Femi | 


Series 74LS } 


ty Input current at maximum input voltage 


thy High-tevel input current 
Ven Loveltevel input current 
$95 Short-circuit output current® 


Total, ou touts high 
toc Supoly current | Tow!, ovum low | 39 
are Skane 


TE or conditions shown as MIN or MA X, use the appropriate value specified under recommended aperating conditions, 
Tait typical! vatues are at Vec*5V, Ta = 28°C, 
$1, = —12 mA for SN56‘/SN74° and —18 mA for SNS@LS‘/SN74LS’ and SN54S°/SN74S’, 


*Not more than one output should be shorted at @ time, and for SN54LS‘/SN74LS‘ and SN54S'/SN74S’, duration of the short-circuit should be less than one second, 


#445-875  74LS32 


#4N3-875 74LS32 


switching characteristics at VCC =5V,TA=25C Se 
| Propagation delay time, | Propagation delay time, | 
| tow-to-high-level output | high-to-low-level output | 
_| MIN TYP MAX | MIN, TYP MAX | 


 tPLH (ns) 


Vec . 


INeUTS 


OUTPUT Y 


GNO 


*LS32 CIRCUITS 


Resistor values shown are nominat and in ohms. 


fue 
MSI 


_ Designed Specifically for High-Speed: 


74LS138 3-TO-8-LINE DECODER 


oe Courtesy of Texas Instruments 


#4U45-877 7418138 


: ~ functional block diagrams and logic 
-'LS138, ‘S138 | 
Memory Decoders JOR N DUAL-IN-LINE OR : 
_ Data Transmission Systems WELAT PACKAGE (TOP VIEW) 
e ‘$138 and 'LS138 3-to-8-Line Decoders oo °LS138, ‘S138 
_- Incorporate 3 Enable Inputs to Simplify 
‘Cascading and/or Data Reception (18) 0 
@ ’$139 and ‘LS$139 Contain Two Fully Wa, 
_ Independent 2-to-4-Line Decoders/ enaoee = 
Demultiplexers INPUTS c2A v2 
328 
e Schottky Calmped for High Performance — ¥3 
v4 anor 
ave el GoEAY Pelee | ve 
| (3 LEVELS OF LOGIC) OMe Ore G2A G2 Gl, ¥ SELECT ve 
’LS138 22 ns 32 mw SELECT ENABLE wure 7 
| 3 $138 Bns 245mWw "7 
- description positive logic: see function table — 


These Schottky-clamped TTL MSI circuits are 


. designed to be used in high-performance memory- 


decoding or data-routing applications requiring very 


- short propagation delay times. In high-performance 
"memory systems these decoders can be used to 


‘ minimize the effects of system decoding. When — 
employed with high- -speed memories utilizing a fast- . * 


enable circuit the delay times of these decoders and 


the enable time of the memory are usually less than 


the typical access time of the memory. This means 
_ that the effective system delay introduced by the 
. Sey: -clamped are decoder is negligible. 


The ‘LS138 and ‘S138 decode saa btelent linme 
dependent on the conditions at the three binary 
select inputs and the three enable inputs. Two 


active-low and one active-high enable inputs reduce 


the need for external gates or inverters when 


expanding. A 24-line decoder can be implemented 
without external inverters and a 32-line decoder 


_ schematics of inputs and outputs 


EQUIVALENT OF EACH 


INPUT OF ‘LS138, 'LS139 _ OF °LS138, ’LS139 


Vec 
Vec 


requires only one inverter. An enable input can be : 
used as a data input for demultipiexing applications. -_ 


TYPICAL OF OUTPUTS 


| INPUTS 


"LS138, ‘S138 
“FUNCTION TABLE 


ENABLE | SELECT OUTECTS 
ce a ae 0 Y1 Y2 Y3 Y4 Y5 Y6 Y7 


< 
< 
= 
z= 
pa of 
= 
z= 


me i <a eae > i ae cae 
reerereexe 
rrireererxex 


rirerrrirexx 
rere rreirex.-x 
2°22 °2°2 2 2 tt 
a> a len As lias “eae RE ie = 
es 2 te Ss ee Ss 
me A ee > 
Pare StS Ss Ss 
De A a ie ER Cie ie 

texourxrrrrre:e 
Cx tz Ss BSE Ss 


z= 
| rd 
xr 


*G2=G2A + G28 
H = high level, L = low level, X = irrelevant 


All of these decoders/demultipiexers feature fully buffered inputs. each of which represents only one normalized Series — 
54LS/74LS load (‘LS138, ‘LS139) or one normalized Series 54S/74S load ('S138, ‘S139) to its driving circuit. All | 
_ inputs are clamped with high-performance Schottky diodes to suppress line-ringing and simplify system design. Series - 
': 5ALS and 54S devices are characterized for operation over the full military temper sure range of —55°C to 125°C; 
. "Series 74LS and 74S devices are characterized for 0° Cto 70° ‘C industrial systems. 


as 877 74LS138 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) #443-8/7 / / LS138° (CONTI NUED) : 
_ Supply voltage, Vcc (seeNote1) 2. 7V _~ — ae 
_ Inputvoltage 2... ww, ee ee eae ane a ae ee a 2. 
Operating free-air temperature range: SN54LS138, SN54LS139 Circuits ...... 2... —55°C to 125°C 
ee ee - SN74LS138, SN74LS139 Circuits 2. 2. 2... 0°C 070°C 
“Storage temperaturerange. 2. 2. kk 7 , —65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 


SN54LS139 ____SN74L8138 
_MIN__NOM MAX [MIN NO 


_ [Supply voltage, Voc 
_ High-level output currant, low 
_ Lowlevel output current, lot 


: ; SN74LS138 
PARAMETER —_C ee : SN74LS139 


Vind High-level input voltage 
[Min Low-level mputvottage SS 
Vit = Vit max: OH = --400 HA 
~Vec= MIN, Vinn=2V, Tilo 
Vin = Vin max L'ou 
Voc = MAX, Vy=55V 


= Von High-level output voltage - 


Voi Low-level output voitage 


“Input current at 
maximum input voltage | 
High-level inputcurrent = | Veg = MAX, V 
Low-level input current —__ \ 
Short-circuit output current 

| Vcc = MAX, | 


Supply current. es 
sighs | . Outputs enabled and open — 


'For conditions shown as MIN or MAX, use the appropriate value specitied under recommended operating conditions tor the applicable device 
type. . 

LAN typical values are at Vcc 7 5 V. Ta «= 25°C. 

Not more than one Output should be shorted at a time. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


FROM 
(INPUT) 


SN54LS138 
SN74LS138 
MIN TYP MAX 

27) At 
| 18 27, 


PARAMETER 4 TEST CONDITIONS 


Selec 


t 
Enable 
'PLH 


Vipin & propagation delay time, low: to-high- level output: tp. = propagation delay time, high-to-low-level output. 
NOTE 2: Load circuits and waveforms are shown on Page 149, 


#443-877  74LS138 (conTINUED) 


Cy = 15 pF, 
Re =2kQ, 
See Note 2 


TYPES SNS4LS245, SN74LS245 
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS 


BULLETIN NO. OL-S 7712471, OCTOBER 1976-—REVISED AUGUST 1977 


| Bi-directional Bus Transceiver ina 
High-Density 20-Pin Package 
@ 3-State Outputs Drive Bus Lines Directly 


© P-N-P Inputs Reduce 0-C Loading on 
Bus Lines 


e Hysteresis at Bus Inputs improve Noise 
Margins 


e Typical Propagation Delay Times, | 
Port-to-Port . .. 8 ns 


© Typical Enable/Disable Times ... 17 ns 


ton 'ou 
TYPE (SINK | (SOURCE 
CURRENT) CURRENT) 
‘SNS4LS245 12mA —-12mA 
SN74LS245 24mA —15 mA 
description 


SNS4LS245 .. . J PACKAGE 
SN74LS245 ...J OR N PACKAGE 
(TOP VIEW) 


ENABLE ; aes 
c  -e8t 82 8 #9 68h OR? 


mL fe] fe, 
ANY, 


positive logic: see function table © 


These octal bus transceivers are designed for asynchronous two-way communication between data buses. The control 


_ function implementation minimizes external timing requirements. 


- 


The device allows data transmission from the A bus to the B bus or from the B bus to the A bus depending upon the 
logic level at the direction control (DIR) input. The enable input (G) can be used to disable the device so that the buses 


_ are effectively isolated. 


| ~The SN541LS245 is characterized for operation over the full military temperature range of —55°C to 125°C. The 


SN74LS245 is characterized for operation from 0°C to 70°C. 
schematics of inputs and outputs | | 
[ EQUIVALENT OF EACH INPUT| TYPICAL OF ALL OUTPUTS 


9 ksi NOM 


Supply voltage, Vcc (see Note 1). 2 ee ee 

-Imputvoltage 6 6 6 we ee ee 

Operating free-air temperature range: SN54LS245 2... 
SN74LS245 

Storage temperature range i ipa 


NOTE 1: Voltage values ere with respect ta network ground terminal. 


wyu3-885  THLS245 


FUNCTION TABLE 


OIRECTION 
CONTROL 


ENABLE — 


OPERATION 


BdetetoA bus 
-A deta to B bus. 
isolation 


'H = high level, b= low level, X © Irrelevant 


_ absolute maximum ratings over operating free-air temperature range (untess otherwise noted) 


_7V 


ee . -68°C to 128°C 
Rie ace + 2 O-C1670 C 
toe ee ae = 65°C to 150°C 


| Low-level output current, lo. 


. Low-level input current 


switching characteristics, Vcc = 5 V, Ta = 25°C 


Operating free-air temperature, Ta 


~ electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


coment meena ennentntteen ey eel ee 


rae: 


PARAMETER TEST CONDITIONSt Sah letbtaoiBle = iio BNI AE Ses UNIT 
MIN TYP+ MAX [MIN TyPt MAX 
Vin High-level input voltage _ a, ae ae aes 
Vit —-—- Low-level input voltage . icc) er ii eaaiannas 
Vik —s Input clamp voltage | Vec = MIN, j= - 18 mA _ 
Hysteresis (V4. -- VT_JA or B input Vcc = MIN ~ 0.2 04 ; 
= | Vcc * MIN, lon =-3mAl 24 © 3.4 
Von High-level output voltage Vi = 2V, 
Vit = Vie max | 'OH = MAX 


Voc = MIN, 
Vin = 2, 
Vin = Vip max 


Op = 12 mA 


enna marti nytt 


VoL Low-level output voltage 


ton = 24 mA]. 
Off-state output current, — . 
high4evel voltage applied 
Oft-state output current, 
low-level voltage applied 
Input current at 

“maximum input voltage | DIR or G | 


High-tevel input current 


10Z2H 


| loz 


Nhe 


fe i 
Total, oumputs high | 


icc —- Supply current 


TE o¢ conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
Fait typical vatues are at Voc = 5 V, Ta = 25°C. ce 
Inox more than one output shouid be shorted at a time, and duration of the short-circuit should not exceed one second, 


Se odrinnnmmtnananmnanpmnnreeedmaatteneatenmtemmnammenadimen 


MIN TYP MAX 


nee ae ts) apemsane settee ay tne enn Sh Be EN 9 cur oremmcoemna wearer ton behest taba 


et mine eRe RAD neat HRN AEN, OR Oe 


PARAMETER 
Propagation delay time, 
low-to-high4evel output 
Propagation delay time, 
high-to-low-level output 
Output enable time to low level 
(pz Output enable time to high level 
- Output disable time from low tevel 
~~“ Gutput disable time from high level 


Cy = 45 pF, Ry = 6672, 


elena wetter 


TEXAS INSTRUMENT 


INCORPORATED Gere 
POST OFFICE BOX 5012 + DALLAS. TEXAS 75222. 


DESCRIPTION | 7 
These monolithic dual edge 


voltage level of the clock pulse and is not directly related to the 
transition time of the positive going pulse. When the clock input is 


va 


These circuits are fully compatible for us€ with most TTL or OTL 
‘Circuits. A full fan-out to 10-normalizea series 54S/74S loads is 
available from each of the outputs at low logic level. At a high logic 
level, a fan-out of 20 is available to facilitate tying unused inputs to 


_ typical power dissipation of 75 milliwatts per fiip-flop. 


used inputs. Maximum clock frequency is 75 “megahertz, with a_ 


The N74S74 is characterized for operation from 0°C to 70°C. 


Typical Maximum Input Clock Frequency _ 


90 MHz 
75. mW per Flip-Flop. 


Typical Power Dissipation — 


TRUTH TABLE (Each Flip-Flop) | 
a a St 


INPUT OUTPUT | 
D Q roy 
L L 4H 
H H L 


H = High level, L = Low teval 


NOTES: A. th = bit time before clock pulse 
B. th+4 = bit time after clock pulse 


PRESET 
0 ae 


#443-900  74S74 


h flip-flop 
mentaryQ = | 


_ Information at input D is transferred to the Q output on the 
Positive going edge of the clock pulse. Clock triggering occurs at a. 


at either the high or low level, the D-input signal has noeffect. 


FUNCTIONAL BLOCK DIAGRAM (EACH FLIP-FLOP) 


EDGE-TRIGGER 


2 2 Ps 
2D: CLOCK PRESET 20. 20. 


2] fs} prof Pot ts 


2 
23 Mee CLEAR. 


a en ee’ ‘GND 
CLOCK PRESET ahs GI08 


CLEAR 10 
Positive Logic: 

Low input to preset sets OQ to high level 

Low input to clear resets Q to low tevel 


‘DUAL D-TYPE 
ED FLIP-FLOPS 


"ELECTRICAL CHARACTERISTICS 


Preset and clear are independent of clock 


14874 


High level input voltage 
~ Low level input voltage 


High tevel output voltage 
Low level output voltage 
~~ Input current at maximum input voltage | 


High level. input.current. 


Low level input current 


“Supply Current 


—— Vee = MAX. 


N or MAX, use the appropriate value specified und&r recommended. operating conditions for the 


" Propagation delay time, low-to-high level output, ~ 
from clear or preset 
Propagation delay time, high-to-lo 


w level output, 


from clear or preset 
Propagation delay time, low-to-high eve! output, 


from clock 
Propagation delay time, high-to-low level output, 


from clock 


RECOMMENDED OPERATING CONDITIONS 


~ Supply voltage, Vcc 


High logic tevel 


Normalized fan-out from each output, N. 


Clock frequency, feigck 
Width of clock pulse, ty (clock) 


Width of preset pulse, ty, (preset) 


Low lagic ievei 


Width of clear pulse, ty (clear) 


Input set-up time, tsetup 


. High leve. data. 


Low level data 


Input hold time, thoig 


Operating free-air temperature, Ta 


 §N54LS85/SN74LS85 
4-BiT MAGNITUDE COMPARATOR 


_, LOGIC SYMBOL . . . oa 
10 12 13 18 9 11 14 «9° ere CASCADING 
: | INPUTS 


DESCRIPTION — The 54LS/74LS85 is a 4-Bit Magnitude Comparator which compares 
two 4-bit words (A, B), each word having four Parallel Inputs (Ao-As, Bo-B3); As, Bs 
being the most significant inputs. Operation is not restricted to binary codes, the device _ 


Ag Ai Az Az 89 


will work with any monotonic code. Three Outputs are provided: “A greater than B" gud , By 82 ey | oc 
-(Oa>s), “A less than B” (Oa<s), “A equal to B” (Oa =8). Three Expander Inputs, la>s. la : oe re ace ae 
<g, la =B, allow cascading without external gates. For proper compare operation, the : a ge ee ‘ x x x H L 


Expander Inputs to the least significant position must be connected as follows: la <a = 
ta >p=L, la=e =H. For serial (ripple) expansion, the Oa >B, Oa <B and Oa = Outputs 


Vee=Pinté 


are connected respectively to the la > 6, lA <B, and la = 6 inputs of the next most nos Pine 
significant comparator, as shown in Figure 1. Referto Applications section of data sheet 
for high speed method of comparing large words. | mn 
‘The Truth Table on the following page describes the operation of the 54LS/74LS85_- CONNECTION DIAGRAM 
under all possible logic conditions. The upper 11 lines describe the normal operation DIP (TOP VIEW) 


under all conditions that will occur in a single device or in a series expansion scheme. 
The lower five lines describe the operation under abnormal conditions on the cascading 
_ inputs. These conditions occur when the parallel expansion technique is used. 


@ EASILYEXPANDABLE = —t«*s he wee | 
@ BINARY OR BCD COMPARISON ._—s__ BI gg Bic ee ee te 
© 0, >5s Oncas AND Oy = 5 OUTPUTS AVAILABLE __LOADING (Note a) 


rc rete ze x x x x x x 
a rr Itc pee x x x x 
me x rr = eae x r 2 = cx ' 


ererrrrererrrrreerere 


Xx 
x. 
< 
xX 
es 
ee 
x. 
-H 
L 
Ju 
L 
H 
H 


PIN NAMES | a gee st ee NON 

 AgrAg, Bo-B3 ss Paraillelinputs —61SUL | O7SUL. 

=p A =B Expander Inputs . 15U.L. | O75 UL. 

tace: a >a = A<B,A>8,Expanderinputs «SUL. | OSU. 

O,>s8 ©. AGreater ThanB Output (Noteb) = = 10UL. | 5 (2.5) UL. . > 
 Oa<e _—_—s BB Greater Than A Output (Note b) 10U.L. | 5(25)U.L. Note: ae | Ho= HIGH Level 
On=8 = AEqualtoB Output (Noted) = TUL. 5125) UL. The Rinpas won nee ame L = LOW Lovet 


Nowe: eect cs a ai a Fa Dual in-line Package. IMMATERIAL a 
a.: 1 TTL Unit Load (U.L.) = 404A HIGH/1.6mA LOW oe Pai yg Ne . f. % ~ Se 
~_p. The Output LOW drive factor is 2.5 U.L. for Militery (54) and 5 U.L. for Commercial (74) 
GUARANTEED OPERATING RANGES 


_* SUPPLY VOLTAGE (Voc) __ TEMPERATURE 


PART NUMBERS ae | 
‘TNUMBERS = win _[tvP | MAX a 

SNS4LSB5X 5.0V = 85°C to +125°C 
"_ SN74LS85X [a7sv. | sov. | 5.25v_ | oC to +70°C 


X= package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on thi 


— LOGIC DIAGRAM | 


ee 


$ product. 


ee 
‘ial 
JU U 
An3 
= 
a3 


Ag Ay Ag Ag 8 a 82 83 


Ag Ay Ag Ag Bo 8; 82 83 
"| 'a>e hs - Oars 


fil 


Ay A; Az Ag 89 8; 8 


B3 
laos 


A>BT- 
S4LS/74L885 


Opag 


az 
: 
! 
i 


| b= LOW Lever 
; . H = HIGH Level | 
Fig. 1. COMPARING TWO n-BIT WORDS 


| APPLICATIONS 


Figure 2. shows a high speed method of comparing two 24-bit words with ay two levels of device delay. With the technique shown in Figure 1, oc CHARACTERISTICS oven OPERATING Ti TEMPERATURE RANGE (unless otherwise specified) 
six, tevels of device Selay. result. when comparing: two. 24-bit words. The parallel Sone can be expanded to any number of bits, see Table |. 


— #4U3-9 
/ ite 


Sa | etn 


SYMBOL | PARAMETER. 
| ee tes, | NOTE 5 ce | | cues COW VO - 
ag rar 4 i es Be eee ae The S4LS/74LSQ5 can be used as a 5-bi comparator onty Vin input LOW Voltage. Pagienennng , 
— = i a are) a a eae ge A. Pak when the outputs are.used.to drive the Ag-A3 and — , re 
5-24 Bits . Peet eS eee eee Te ee BoB inputs of another 54LS/74LS85 as shown Yeo Input asd Diode Voltage Voc = MIN, ln =18mA vasatton 
2. 0 Bits. Cee er ee ee eee ae ae = in Figure 2 in positions #1, 2, 3, and 4. = Vec.= MIN. Ion = 400 pA 
hae adiaaiataliod meceonrencmmomttioags - : — S —— ; — = _ a , cae) Gee ee re Vou t Cn et Vohage é Vine = Vin: or \ vit ber Truth Table ot. 
a. poe rae ~ [tor = 4.0 mA] Vee = MIN, Vin = Ve | 
Not ; Ovpi LOW Voge eee a lon: = 6.0. mAT _ oF Mu ber Truth Table 
- Input HIGH Current “s od 
2 ee = it Ag-A3, Bo-B3, lasa 1 Vee = MAX, Wee = 2.7 
Mea aa "2 a ee mtn “2a *23 820% ean la < onla > 8 ag 
: oe ee : : hin Ag’A3. 89-83, lang "Vee = MAX, Vin =10v 
lace. tase 
, input LOW Current — ene 
a Ag-A3, Bo-B3. lana Voc = MAX, Vin = 0.4V 


ss Ae Ay Ag Oy 0g 0) Oy seat Avo An An2419810811812813 


' MSB = Mast Significant Bit 
LSB = Least Significant Bit 
L “LOWLeve — 

H = HIGH Level — 
NC = No Connection 


Fig. 2. COMPARISON OF TWO 24-BIT WORDS 


Arg Are 417419016019 817018 


_ Output Short Circult Current 


ee oe 


| — upply Current ve 
an "Conditions: for. testing, not shown in the table, are chiowsn: to guarentee operstions under “worst case” conditions; 
-2.. The specified LIMITS. represent the “worst case’ * value for the parameter. Since these “worst:case” values-nor- 
“mally occur at the temperature and supply voltage extremes, additional noise immunity and guard banding can a 
achieved by decreasing the allowable system operating ranges. 
3. Typical limits are st Voc = 5.0 V, 25°C, and maximum loading. 
4. pice more than one output should be ore = * atime. 


ac CHARACTERISTICS : an = 25°C, Veo. = 5.0V 


_ SYMBOL 1 : ‘TESTCONDITIONS «= 
aE | “Any Aor B Data kaput to es 
tem _|_Any Output Fig. 1.2 
tun | ini weil to > A>p oF | 
tem, | bes 1,2 
_ton | | _ ioaian | 
tein. | ape Once input " 
tran _|_ 10 Any Outpt aes 
AC WAVEFORMS 
Vin ray av ; Min 1.3V 13V 
Loa “| | ern 
Vout 13V 13v ; Vout 


8 -BIT HMOS MICROPR OCESSOR 
443-1009 


The Intel® iAPX 88/10 is a new generation, high performance microprocessor implemented in N-channel, Gepistion load. 
silicon gate: technology (HMOS). and Packagedina 40-pin CerDIP package. The pr & 
16-bit MnCTORTOEREA. « is Gitertty Compatible ws with waPx 86/10 ectiware and 60 


- MEMORY INTERFACE 


‘EXECUTION UIT 
Svstem 


Figure 1. lAPX 88/10 CPU Functional Block Diagram Figure 2. IAPX 68/10 Pin Configuration 
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t which is 9s gampied during the fast |. 


~ Interrupt Roquest: ise » level triggered in 

; cycle of each instruction tod {the processor should enter into an 
interrupt acknowledge operation. subr is vectored to via an. interrupt 
vector lookup table tocated in system ‘memory. it can be. internally masked by 
software resetting the interrupt enable bit. INTRi is internally synchronized. This 
signal is active HIGH. 


TEST: iNput 1 examined by the “wait for test” instruction If the TEST input ia 

LOW. execution continues, otherwise the processor waits in an “idle” state. This 
input 6 synchronized internally during each clock cycle on the leading edge of : 
CiK: 


Non-Maskabie interrupt: is an edge triggered input which causes a type 2] 
interrupt. A Subroutine is vectored to via an interrupt vector lookup. table located 

wn system memory WMi is not maskable internally by software. A transition. trom. 
a LOW to HIGH inmates the interrupt at the end of the current instruction. This 
input 1s internally synchronized. 


RESET: causes the processor fo mmediately terminate its present activity. The. | 
signal must be active HIGH for at least four clock cycles It restarts execution. as | 
Gescribed in the instruction set description, when RESET returns. LOW. RESET | 
is internally synchronized. 


Clock: provides the basic timing for the processor and bus controller tt is. 
asymmetnc with @ 33% duly cycle to provide optimized internal one ; 


Voc: wthe - SV 210% power supply pin. 
GND: are @ the ground pins. 


Minimum/Maztmum: indicates what mode the processor is to oper 
two modes ere Oiscussed in the following sections. 


[ 
| 


ee _— | ————#443-1089 8888 (CONTINUED) 


PRELIMINARY 


Table 1. Pin Description (Continued) . _ oo | Table 1. Pin Description (Continued) 


The following pin function descriptions ere for the 8088 minimum mode (1.2., MNIMX = Veo). Only the pin functions which The following pin function descriptions are for the 8086, 6228 system in maximum mode (‘.e.. MN/MX =GND.) Only the pin 
ere unique to minimum mode are described, all other pin functions are as described above. oh he functions which ere unique to maximum mode are described; all other pin functions are as described above. 


Name and Function 


Status: is active during clock high of T4, T1, 
and T2, and is returned to the passive state 
(1.1,1) during T3 or during Tw when READY is 
HIGH. This status is used by the 6288 bus con- 
troller to generate all memory and W/O access 
control signals. Any change by S2, 51, or SO 
during T4 is used to indicate the beginning of a 
bus cycle, and the return to the passive state in 
T3 or Tw is used to indicate the end of a bus 
cycle. . 


These signals fioat to 3-state OFF during “hold - 
acknowledge’. During the first clock cycle atier 
RESET becomes active, these signals are active” 
HIGH. After this first clock, they float to 3-state 
OFF. Ot se ; 


Request/Grant: pins are used by other jocal bus masters to force the processor 

to release the local bus at the end of the processor's current bus cycle. Each pin 

is bidirectional with AG/GTO having higher priority than RQ/GT1. RG/GT has an 

internal pull-up resistor, 80 may be left unconnected. The request/grant se- 

Quence is as follows (See Figure 8): | 

1. Apuise of one CLK wide from another local bus master indicates a local bus 
request (‘‘hoid’’) to the 8088 (pulse 1). 


2. During a T4 or Ti clock cycle, a pulse one clock wide from the 8088 to the. 
requesting master (pulse 2), indicates that the 8086 has allowed the local bus 
to float and that it will enter the “hold acknowledge” state at the next CLK. 
The CPU's bus interface unit is disconnected logically from the local bus 
during “hold acknowledge”. The same rules as for HOLD/HOLDA apply as for 
when the bus is released. Cee ER 


3. Apulse one CLK wide from the requesting master indicates to the 6088 (pulse 
3) that the “hold’ request is about to end and that the 6088 can reclaim the 
local bus at the next CLK. The CPU then enters T4. | 


Each master-master exchange of the focal bus is @ sequence of three pulses. 
There must be one idle CLK cycie after each bus exchange. Pulses are active 
LOW. . 


if the request is made while the cpu is performing a memory cycle, it will release 
the local bus during 14 of the cycle when all the foliowing conditions are met: 


1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 
3. Current cycie is not the first acknowledge of an interrupt acknowledge 
sequence. | 
4. Alocked instruction is not currently executing. 


F — NameandFuncton 
" Status Line: is an inverted maximum mode §2. It is used to distinguish a 
memory access trom an i/O access. 10/M becomes valid in the T4 preceding 8 
bus cycle and remains valid until the final T4 of the cycie (VO=HIGH, M=LOW). 


I0/iM floats to 3-state OFF in local bus “hold acknowledge’. 


Write: strobe indicates that the processor is performing a write memory or write 

VO cycle, depending on the state of the 10/fA signal. WR is active for T2, TS, and 

Tw of any write cycle itis active LOW, and floats to 3-state OFF in local bus “hold 
acknowledge”. ee . 


INTA: is used esa read strobe for interrupt acknowledge cycles. It is active LOW 
during T2. T3, and Tw of each interrupt acknowledge cycle. 


‘Addrese Latch Enable: is provided by the processor to latch the address into 
the 6282/8263 eddress latch. It is a HIGH pulse active during clock low of T1 of 
any bus cycle. Note that ALE is never floated. 


‘Data TranemitRecelve: is needed in a minimum system that desires to use an 
8286/6287 data bus transceiver. It is used to contro! the direction of data flow 
through the transceiver. Logically, D1/R is equivaient to $1 in the maximum 
mode, and its timing is the same as for 10/M (T=HIGH, R= LOW). This signal 
| floats to 3-state OFF in focal “hold acknowledge”. . 


Date Enable: is provided as an output enable for the 8286/8267 in a minimum 
system which uses the transceiver. DEN is active LOW during each memory and 
VO access, and for INTA cycles. For a read or INTA cycie. it is active from the 
middie of T2 until the middie of T4, while for a write cycle, it is active trom the 
- peginning of T2 until the middle of T4. DEN tloats to 3-state OFF during local bus 
“hold acknowledge”. feet 


HOLD: indicates that another master is requesting a local bus “hold”. To be 
acknowledged, HOLD must be active HIGH. The processor receiving the “hold” 
| request will issue HLDA (HIGH) as an acknowledgement, in the middle of 6 T4 of 

| Ti. clock cycte: Simultaneous with the issuance of HLDA the processor will float 
he focal bus and control’ lines. After HOLD is detected ss being LOW, the 
|: processor.towers HLOA, and when the processor needs to run another cycle, # 

1. will again drive the local bus and contro! lines. att 
| Hold is not an asynchronous input. External synchronization should be 
"provided if the system cannot otherwise guarantee the set up time. 


| Status tine: is logically equivalent to SO in the 
maximum mode. The combination of SSO. tO/M 
and DT/A aliows the system to completely de- 
code the current bus cycie status. 


‘If the toca! bus is idie when the request is made the two possible events will 
follow: BO nando, . he 
1. Local bus will be released during the next clock, . 
2. Amemory cycie will start within 3 clocks. Now the four rules for a currently 
active memory cycle apply with condition number 1 already satisfied. 
LOCK: indicates that other system bus masters are not to gain control of the 
~ system bus while LOCK is active (LOW). The LOCK signa! is activated by the 
"LOCK" prefix instruction and remains active until the completion of the next 
instruction. This signal ts active LOW, and floats to 3-state off in “hold achnow!- 
ao Queue Status: provide status to allow externat 
tracking of the internal 6068 instruction queue. 


t 
fee | Semacvenwre 
eulw 8 | tr agmeter 
a Caw Opie of peas eg Gued 


~The queue status is valid during the CLK cycle. 
afier which the queue operation is performed. 


14 e 
Grpt, wee Guews 


Pin 341s always high in the maximum mode._ 
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and by automatically ‘selecting segment tegisters, pro- 
grams are shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or odd ad- 
Gress bounderies. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most sacuticant byte in 


aa (SS) 


7 “DATA (OS) 


External (Global) Data 


#443-1909 8088 (contINUED) 


ne logical attributes (eg. code or data). By structuring 
memory into relocatable areas of similar characteristics 


- Minimum and Maximum Modes. 


_ The requirements tor ‘supporting minimum and maxi- 
Mum 8088 systems are suffic 


_ Automatic with all instruction pretetch. 
All stack pushes and pops. Memory references relative to @P 
base register except data references. 
Date references when: relative to stack. destination of atring 
operation, or explicitly overridden. 
Destination of string operations: Explicitly selected using e 
|_segment override. 


“the next higt he 1 adaress | location. The au will auto- 


) two fetch or write cycles for 16-bit 


. Certain tocations in memory are reserved for specific 
CPu | 


rations. (See ‘Figure 4) Locations from ad- 


dresses FFFFOH through FFFFFH are reserved tor 
operations including & jump to the initial! system initial 


Following RESET, the CPU will always 
ens loc ae FFFFOH where the jump 


assumed oe been stored at their fespective places” 
in feserved memory prior to the occurrence of inter- 


Pups. 


ntly different that they 
cannot be done. efficiently with 40 uniquely detined 


~~ TERRUPT PONT POINTER 
tal wee . 


wrTEAAUeT POmTER 
200 tyes —! 


Segment 
Selection Rule 


pins. Consequentty. the 6088 is equipped. with a strap - 
nti ion.. 


muldolened is detoned with the AS, multi- 


planed bus peripherals | (8158, (6156, 6355, B755A, “and ik ) 


provides the 806s processing power ine is integrated eee 
form. Pees 


The demultiplexed mode requires one latch (tor 64K ad-— ic bet 
Gressability) or two: latches (tor @ full: megabyte of ad- inne: 


dressing). A third latch can be used for buffering if the 
address. bus loading requires it. An 6286 or 6287 trans- 
ceiver can also be used if data bus buffering is required. 


(See Figure 6.) The 6086 provides DEN and OTA to con- eg 


| Figure $. Multiplexed Bus Configuration 


aw Senet 
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PRELIMINARY 


“wait states (Tw) are inserted between T3 and Té. Each: 


inserted “wait” state is of the same duration as a CLK 


cycle Periods can occur between 8088 driven bus cycies. - 
These are referred to as “idle” states (Ti), or inactive CLK 
cycles. The processor uses these saa for internal 


housekeeping. 
During T1 of any bus cycle, the ALE (address latch enable) 


signal is emitted (by either the processor oF the 6268 bus. 


controller, depending on the MN/MX strap). At the trailing 


. edge of this pulse, a valid address and certain status 


information for the cycle may be latched. 


Status bits 50, 51, and 52 are used by the bus a controlgt, in 


maximum mode, to identify the type of bus transaction 
according to the following table: | . 


. interrupt Acknowledge 
Reas vO 
Wraevd 


alt 

_ instruction Fetch 
Read Data from Memory 
Write Data to Memory 
Passive (no bus Cycie) 


Status dits §3 through S6 are multiplexed with high order | 


address bits and are therefore valid during T2 through T4. 
$3 and $4 indicate which segment register was used tor 
this bus cycle in forming the address according to the 
following table: 


Alternate Data (extra segment) 


Stach 
_ Code or None 


i es SS is 8 reflection of the PSW interrupt enable bit. S6 is 


+, always equal to 0. 
VO Addressing 


in the 8088, VO operations can address up to amaximum 


of 64K VO registers. The VO address appears in the same 
format as the memory address on bus lines AtS-AD. The 
address tines A19-A16 are zero. in VO operations. The vari- 
able VO instructions, which use register DX as a pointer, 
have full address capability, while the direct VO instruc- 
tions directly address one or two of the 256 VO byte 


locations in page 0 of the UO address space. VO ports sre | 


eddreseed in the same manner as memory tocations. 


Designers . familiar with the 8085 or upgrading an e0es 
- design should note that the 6085 addresses VO with an 
8-bit address on both halves of the 16-bit eddress bus. The 
0088 uses 2 ful! 16-bit address on its lower 16 address 
: tines. 


EXTERNAL INTERFACE 


Processor Reset and Initialization — 


Processor initialization or start up is accomplished with 


activation (HIGH) of the RESET pin. The 6086 RESET is. 


required to be HIGH for greater than four clock cycles. The 


- 8088 will terminate operations on the high-going edge of | 
RESET and will remain dormant as tong as RESET is HIGH. 


The low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. After this 


interval the 8088 operates normally, beginning with the 
instruction in absolute location FFFFOH. (See Figure 4.) 


The RESET input is internally synchronized to the proces- 
eor clock. At initialization, the HIGH to LOW transition of 
RESET must occur no sooner than 50 us after power up, to 
allow complete initialization of the 8068. 


it INTR is asserted sooner than nine clock cycies efter the 
end of RESET. the processor may execute one instruction 
before responding to the interrupt. 


All 3-state outputs float to 3-state OFF during RESET. 
‘Status is active in the idle state for the first clock after 
RESET becomes active and then tioats to 3-state OFF. 


Interrupt Operations — 


interrupt operations fall into two classes: software or 
harcware initiated The software initiated interrupts and 
software aspects of hardware interrupts are specified in 


the instruction set description in the 1APX 88 Book or the 


iAPX 66, 88 User's Manual. Hardware interrupts can be 
Classified as nonmaskable or maskabie. 


Interrupts result in a transter of controt to @ new program 
location. A 256 element table conteining sddress pointers 


tothe interrupt service program locations resides in sbeo- 


tute locations 0 through 3FFH (see Figure 4), which are 
reserved for this purpose. Each element in the table is 4 
bytes in size and corresponds to an interrupt “type.” An 
interrupting device supplies an 68-bit type number, during 
the interrupt acknowledge sequence, which ts used to 
vector through the appropriate element to the new inter- 
tupt service program location. . 


Non-Maskable interrupt (NMI) 


The processor provides 8 single non-maskable interrupt 


(NMI) pin which has higher priority than the mashable 
interrupt request (INTR) pin. A typical use would be to 
activate a power failure routine. The NMI is edge-triggered 
on a LOW to HIGH transition. The activation of this pin 
causes @ type 2 interrupt. 

NMI is required to have a duration in the HIGH state of 


greater than two clock cycles, but is not required to be 
synchronized to the clock. Any higher going transition of 


NMI is latched on-chip and will be serviced at the end of 


the current instruction or between whole moves (2 bytes in 
the case of word moves) of 8 biock type instruction. Worst 
case response to NMI would be for multiply, divide, and 


variable shift instructions. There is no specification on | 


the occurrence of the low-going edge; it may occur 
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before, during, of after the servicing of NMI 
Another high-going edge triggers another response if it 
occurs after the start of the NMi procedure. The signa! 
must be free of logical spikes in general and be free of 
bounces on the low-going eter to avoid triggering ex- 
traneous responses. 


Maskable interrupt (INTR) 


The 8088 provides a single interrupt request input UNTR) 
which can be masked internally by software with the 
resetting of the interrupt enabie (iF) flag bit. The in- 
terrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block type instruction. During interrupt response se- 
quence, further interrupts are disabied. The enable bit is 
reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the 
FLAGS register which is automaticaily pushed onto the 
stack reflects the state of the processor prior to the in. 
terrupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an in- 
struction. 


During the response sequence (See Figure 9), the proc- 


@880r executes two successive (back to back) interrupt — 


acknowledge cycles. The 6088 emits the LOCK signa! 
(maximum mode only} from T2 of the firs! bus cycle until! 


T2 of the second. A loca! bus “hold” request will not be | 


fhonored unt: the end of the second bus cycle. in the 
second bus cycle, a byte is fetched from the externat in- 
terrupt system (e.9.. 8259A PIC) which identifies the 
source (type) of the interrupt This byte 9s multiplied by 
four and used as a pointer into the interrupt vector 
lookup table. An INTR signal left HIGH will be continual- 
ly responded to within the limitations ot the enabie bit 


$ 
ano sample period. The interrupt return instruction in- 
cludes a flags pop which returns the status of the 
onginal interrupt enable bit when it restores the flags. 


HALT 


When a software HALT instruction is executed, the 
processor indicates that it 1s entering the HALT state in 
one of two wayS, depending upon which mode is 
strapped. in minimum mode, the processor issues ALE, 
Gelayed by one clock cycle, to allow the system to latch 
the halt status. Hall status is avaiable on 1O/M, OT/R, 
and SSO. In maximum mode, the processor issues ap- 
propriate HALT status on 53. Si, and 50, and the 6288 
bus controller issues one ALE. The 8088 will not jeave 
the HALT state when a local bus hold is entered while in 
HALT. in this case, the processor reissues the HALT in- 
dicator at the end of the local bus hold. An interrupt re- 
quest or RESET will force the 8088 out of the HALT 
state. 


Read/Modify/Write (Semaphore) Speratons 
via LOCK 


The LOCK status information is provided by the proc- 
essor when consecutive bus cycles are required during 


— the execution of an instruction. This allows the proc- 


essor to perform read/imodify/write operations on 
memory (via the “exchange register with memory” 


‘inetruction), without another system bus master receiv: 


ing intervening memory cycles. This is useful in multi 
processor system configurations to accomplish “test 
and set lock” operations. The LOCK signal is activated 
(LOW) in the clock cycle following decoding of the 


~ LOCK prefix instruction. It is deactivated at the end of 


the last bus cycle of the instruction following the LOCK 
prefix. While LOCK is active. e request on a AG/GT pin will 
be recorded, and then honored at the end of the LOCK. 


Figure 9. interrupt Acknowledge Sequence : 
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Figure 7. Fully Buffered System Using Bus Controller | 


Bus Operation 


9). The addressidata. bits. and the. highest 


tour address bits ate time multiplexed. This technique , 
provides the most efficient use of pina on the. proc- 
~ @ssor, permitting the use ofa standard 40 lead package. — 


The middie eight address bits are.not multiplexed, Le. 


~ they remain valid throughout each. bus cycle. In addi- 


Han aa (A8-A15), and the. Ap-ann tour address” 


a 


PRELIMINARY 


tion, the bus can be. derainipiasec: at thes processor with aS 
_ @ Single address iatch if a Standard, + non-enultinienad ae 
bus is desired for the system. ee , 


Each. processor ‘bus cycle consists of. a least four CLK 


cycles. These are relerred to as T3, T2, 73, and 74. (See Sgt 
Figure 8). The address. is emitted from the pi rae 
during T1 and data transfer occurs on the bus. during T3 


and 14. T2.is used primarily for changing the directionof . 


the bus during tead Operations. inthe evant t “NOT 


READY" indication. is. ‘given. by the. addressed device, 


GOES MACTIVE tne Test STATE 
aust PRMOR IO Te 


_ 0814.00T @r dy 


Figure.8. Basic System Timing 


External Synchronization via TEST 


AS en alternative to interrupts, the 6068 provides a 
single software-testabie input pin 


. This input is 
utilized by executing a WAIT instruction. The single 


‘WAIT instruction is repeatedly executed until the TEST 
input goes active (LOW). The execution of WAIT does 


not consume bus cycles once the queue is full. » 


“tha local bus request occurs during WAIT execution, the 
8068 3-states all output drivers. if interrupts are enabled, — 

the 8088 will recognize interrupts and process them. 
The WAIT instruction is then tefetched, and reexecuted. 


- Basic System Timing 

In minimum mode, the MNIMX pin is strapped to Vcc 

“nd the processor emits bus control signals compatible 
with. the 8085 bus structure. In maximum mode, the 


MNIMAX pin is strapped to GND and the processor emits 
coded status information which the 8288 bus controller 


_ uses to generate. MULTIBUS compatible bus contro! — 
signals. ase 


System Timing — Minimum System 


(See Figure 8.) | 
The read cycle begins in T1 with the assertion of the ad- 
dress latch enable (ALE) signal. The trailing (low going) 


edge of this signal is used to fatch the address informa. 
tion, which 1s valid on the address/data bus (ADO-AD7) 


at this time, into the 8282/8283 tatch. Address lines AS 


through A15 do not need to be latched because they re- 
main valid throughout the bus cycle. From T1 to T4 the — 


1O/M signal indicates a memory oF 10 operation. At T2 
‘the address is removed trom the address/data bus and 


- the bus goes to a high impedance state. The.sead con- 
trol signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus 
drivers to the focal bus. Some time tater, valid data will | 
pe available on the bus and the addressed device will 


Grive the READY line HIGH: When the processor returns 


“the read signal to a HIGH level, the addressed device — 
“wilt again 3-state its bus Grivers. if @ transceiver | . 

(8286/8287) is requited to bulfer the 6068 tocal bus, _ The 8088 Compared to the 8086 | 
- signals OTR and BEN Paes 


N are provided by the 8088. | 
A write cycle also begins with the assertion of ALE and 


the emission of the address. The 10/M signal is again 
. asserted to indicate & memory of VO write operation. in 
72, immediately following the address emission, the 


processor emits the data to be written into the ad- 
dressed location. This data remains valid until ai least 
the middie of T4. During T2, T3, and Ty, the processor 
asserts the write control signal The write (WR) signa! 


 pecomes active at the beginning of 72, as opposed to — 
the read, which is delayed somewhat into T2 to provide 
" ‘time for the bus to float. . 

— The basic difference between the interrupt acknowl: 


edge cycle and e read cycle is that the interrupt 
acknowledge (INTA) signal is asserted in piace of the 


read (FD) signal and the address bus is tloated. (See 
Figure 9) .6n the second of two successive INTA cycles, — 
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a byte of information is read from the data bus, as sup: 


plied by the interrupt. system logic (i.e. 8259A priority in- 


terrupt controlier). This byte identifies the source (type) 
of the interrupt. It is multiplied by four and used as 8 
pointer into the interrupt vector lookup table, as de- 
scribed earlier. — . 


: Bus Timing — Medium Complexity Systems 


(See Figure 10.) a : 

For medium complexity systems, the MN/MX pin is con- 
nected to GND and the 8288 bus controlier is added to 
the system, as well as an 6282/8263 latch for latching 
the system address, and an 8286/6287 transceiver to 


allow for bus loading greater than the 8088 is capable of 


handling. Signats ALE, DEN, and OT/A are generated by 
the 8288 instead of the processor in this configuration, 
although their timing remains relatively the same. The 


- g088 status outputs (52, 51, and 50) provide type of 


cycle information and become 8288 inputs. This bus 
cycle information specifies read (code, data, or W/O), 
write (data of W/O), interrupt acknowledge, or software 


halt. The 8288 thus issues control signals specifying 


memory read or write, WO read or write, or interrupt 
acknowledge. The 8288 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading 
edge of wite. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The 6286/8287 trans- 
ceiver receives the usual T and OE inpyts from the 


8268's DT/A and DEN outputs. 


The pointer into the interrupt vector table, which is 
- passed during the second INTA Cycle, can derive trom 


an 82594 located on either the local bus or the system 
bus ff the master 8289A priority interrupt controller is 
positioned on the local bus, a TTL gate is required to 


‘disable the 8286/8287 transceiver when reading from the 


master 8259A during the interrupt acknowledge se- 


quence and software “poll”. 


‘The 8088 CPU is an 8-bit processor designed around the 


8086 internal structure. Most interna! functions of the 
8088 are identical to the equivalent 8086 functions. The 
6088 handies the external bus the same way the 8085 
does with the distinction of handling only 6 bits at a 
time. Sixteen-bit operands are fetched or written in two 


consecutive bus cycies. Both processors will appear 


identical to the software engineer, with the exception of 
execution time. The internal register structure is iden- 
tical ano all instructions have the same end result. The 


differences: between the 8088 and 8086 are oullined 


below. The engineer who is untamitiar with the 6086 is 
referred to the iAPX 86, 68 User's Manual, Chapters 2 and 


- 4. for function description and instruction set information. 


Internally, there are three differences between the 6068 
and the 8086. All changes are related to the 8-bit bus in- 
terface. : ee ae 


Figure 10. Medium Complexity System Timing 
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@ The queue length is 4 bytes in the 6088, whereas the 


8086 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was re- 
quired because of the additional time necessary to 


“fetch instructions 6 bits at a time. 


To turther optimize the queue, the prefetching algo- 
rithm-was changed. The 8088 BIU will fetch a new in- 
struction to load into the queue each time there ts a 1 
byte hole (space avaiiabdie) in the queue. The 8086 
waits until a 2-byte space is available. 


The internal execution time of the instruction set is 


altected by the 8-bit interface. All 16-bit fetches and — 


writes from/to memory take an additional tour clock 
- cycles. The CPU is also limited by the speed of in- 
struction fetches. This latter problem only occurs 
when a series of simpie operations occur. When the 


more sophisticated insiructions of the 8088 are being | 


" used, the queue has time to fill and the execution pro- 
ceeds as fast as the execution unit will allow. 


The 8088 and 8086 are compietely software compatible . 
_by virture of their identical execution units. Software 
that is system dependent may not be completely trans: . 


ferable, but software that is not system dependent will 
operate equally as well on an 8088 of an 8086. 


PRELIMINARY 


The hardware interface of the 6088 contains the major 
differences between the two CPUs. The pin. assign- 
ments ate nearly identical, however, with the toliowing 
functional changes: 


© AB-A15 — These pins are only address outputs on the 
8088 These address lines are latched internally and 
remain valid throughout a bus cycle in a manner 
simular to the 8085 upper address lines. 


¢ 8HE has no meaning on the 8088 and has.been elimi- 
nated. 


e 550 provides the 50 status information in the mini- 


mum mode. This output occurs on pin 34 in minimum | 


mode only. OT/A, |O/M, and SSO provide the complete 
bus status in minimum mode. 


© 10/M has been inverted to be compatible with the 
MCS-65 bus structure. . 


-@ ALE is delayed by one clock cycle in the minimum 


modé when entering HALT, to altow the status to be 
latched with ALE. 


ao TTS oa CRIT ae are wen 


ADY Setup Time 
into 62864 (See 
Notes 1, 2) 

ADY Hold Time 
into 8264 (See. 
Notes 1, 2) 
READY Setup 
Time into 


~ READY Hold Time 
| _ into 6068. 
READY inactive to 
_CLK (See Note 3) 


INTA, NMI TEST 
Setup Time (See 
Note 2) 


input Rise Time 
(Except CLK) 


| input Fall Time 
(Except CLK) 


Clock Input High Voltage 
Capacitance if input Buffer 
(All input except 
ADy-AD7, RAGT 


Capacitance of /O: Buffer 
__ (ADy-AD7, RO/GT 


A.C. CHARACTERISTICS (8088: Ta = 0°C 10 70°C, Veg = SV 210%) 
(8088-2: Ty = O°C to 70°C. Voc = SV 25%) 


MINIMUM COMPLEXITY SYSTEM TIMING: REQUIREMENTS 


__Teat Conditions | 


| Fest 
idtused — Conditions. 


A Cc. CHARACTERISTICS. (Continued) 
TIMING RESPONSES | 


Address Hold Time.to 
_ALE te : 


‘Address Float t to 9 READ 
: Active. 


o£ AD inactive: to 9 Next 
. { Adurent A Active 


98 @—- TEST POINTE ————-@ 156 


AC TEST. WPUTS ARE (ChrVve AT 2 OV OOH ALUGIC 1 AND OGSV IK 
BLUGl O let CLOCK IS DRIVEN AT OTe AND O256 Ties ME ASUME 
HOE WTS ARE ADK AT 1 SV FOR BOTH A LOG + AND 0. 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias......... 0°C to 70°C 
Storage Temperature............. - 65°C to + 150°C 
Voltage on Any Pin with 

Reapect to Ground.................. - 1.0 to + 7V 
Power Dissipation ..................00000. 2.5 Watt 


alt 8088 Outputs. 
in addition to 
internal toads 


- From 0.8V to.2.0V 
_| From 2.0V to 0.8V 


- A.C. TESTING LOAD CIRCUIT 


C, CLUDE S 2G CAPACITANCE 


“NOTICE: Stresses abuve those listed under ‘Absolute. 
Maximum Ratings" may cause permanent damage to the 
Gevice. This is a stress rating only and functional opere- 
tion of the device at these or any other Conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied Exposure to absolute maximum. 
rating conditions for extended periods may affect device 
rehability. 


intel 


A.C. CHARACTERISTICS 


MAX MODE SYSTEM (USING 8268 BUS CONTROLLER) 
TIMING REQUIREMENTS 


PCLK LowTime PATCLCL)-18 
PCLK HighTime | (We TCLCL) +2. (Ye TCLCL)+2 
Data in Setup Time 


LK Cycle Period 


ADY Setup Time into 6284 


(SeeNotes1,2) 


RDY Hold Time into 6264 
(See Notes 1,2) | 


READY Setup Timeinto 
READY Hold Time into 8088 


READY Inactive to CLK (See 


Note 4) oe 
Setup Time tor Recognition 
(INTR, NMI, TEST) 

(See Note 2) 4 


NOTES: 

1. Signal et 6284 of 6288 shown for reference only. : 

2. Setup requirement for asynchronous signal only to guarantee recognition st next CLK. 
3. Applies only to 72 state (6 ns into T3 state). 2 

4. Applies only to T2 state (6 ns into T3 state). 
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. Control Active Delay (See 
: Note 1) 
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PRELIMINARY 


A.C. CHARACTERISTICS 
TIMING REGPONSES: 


Parameter Teet Conditions 


Command Active Delay (See 
READY Active to Status Passive 
(See Note 3) 


TtcHSv | Status Active Delay 


[AddressValid Delay | 10110 | | 60 
pAddressHoldtime fT 1 
TCLAZ | AadressFlost Dey | TCLAX | 80_| TCLAX 


| Status Valid to ALE High (See. 
Note 1) 
Status Valid to MCE High (See 
Note 1) 


Note 1). 


reve rer 
Note 1) 

FICHLL | ALE inactive Delay (See Note 1) | 
FTCLMCL| MCE inactive Delay (Seo Nott) | 
Frouov | OatavaidOewy | 10 
[DstaHoldtime | tO 


CG = 20-100 pF for 
all 8086 Outputs 

in addition to 
internal loads 


ey 
i 
5 
° 
E 
g 


ft 


TCLCL- 


rs] 
ae 
THLE 
ze\°8 
=g| 3 
3| # 
Ble 
z| & 
5 
ALT LUE 


2 
’ 


Direction Controt inactive Delay — 
(See Note 1) 


2TCLCi -75 2TCLCL - 


From 0.8V to 
2.0V 


e 


WAVEFORMS, 
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BUS TIMING—MINIMUM MODE SYSTEM (Continued) : 


@D.Mevonr | 


INVALID ADDRESS = SOFTWARE HALT 


fe—tencty oe wores: 1 au Leonaus SWITCH BETWEEN Von AND Vy UNLESS OTHERWISE 


2. ADY 15 GAMPLED NEAR THE END OF 7. Ty, Ty TO DETERMINE IF Ty 
MACONNES STATES ARE TO BE INSERTED. : 

3. TWO miTA CYCLES AUN BACK TO BACK THE 6080 LOCAL ADOWDATA 
OUs % FLOATING SOTH NTA CYCLES. CONTROL SIGNALS 
ARE SHOWN FOR INE SECOND NTA CYCLE , 

4 SIAMALS AT 6282 ARE SHOWN FOR REFERENCE ONLY. 
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BUS TIMING—MAXIMUM 
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001 106 [mec soy so | 


tmmahee bom vege imemey [100000 be lmeti!  « |. “eeervet! LODE. oes byte/we te ALAN 
Gomatnste Gam acetate CObtI't0e OVER Sie: Oy tele trom ALIA 


Maemonies. Oines, 1976 


HH43-1009 8088 (CONTINUED) | 


PRELIMINARY 


CONTROL TRANSFER 


CALL + Coll: 29503200 TESGRZIG TESeazI0 | 


Ti101000] _eapte | 
CXKEREEE CURL 


Orrect enthen segment 
tnduect witten segment 
Orrect entersegment 


ingerect entersegment 


: Gassndiiensl dome: 
ree aorthin segment 
Orrect erthon segment-short 
inénect written segment . 
" Qwect omersegment eset mgh 


trawect mtersegment 


MET = Return trom CALL: 
Witton 209 adding wnmed to SP data high 
mrtpr segment 
wren segment adding ummediate to: SP 
4/41: dump 0” equal! zero CKSTX1 0) Sa 
inal nna COCKE 
of Ab /sat ony 0 es 0 equate CORERERD) SCT 
Be icons ienaciesieeehd XXEILXI) SC 
set saa same on ow or equal RXTE z 
J 1aP% bamg on party party even CD ae 
ee CREAT TIT) SO 
Bs due on sgn . fost 1000) eso | 
Sat saat ume on cat equalint zee (O11 1o101] esp | 
Rrsenl 1" eames CENA SoS 
MR: “sump on sot tess oF equal: CEKEKEEES 
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Toottore] steers | _erseinon 
| seg.figh | - SR Jump on not overtion 
GMB Jum on not sign SERA 


EZ Jump on CX 2010 


toe 3 


‘CLO Crear Gwection 


AT at 
wart: wart 


resasz21e 769439218 


HB /IAE Jump On Not Delow adove 
oF equa! 
seariarsenparrerseower [ovr ttt 
equa! above 42. mor : 
_ §RP1EPE Jump OF NOt par ‘par 066 i 
pitoooT] ons 


100? Loop CX times 7 11100010 

ppp Loop etie zerovequal [11100001 — 

LOBPaZ/LODPAE Loop erienct = Fry y90000 1 oso | 
zerovequa’ - perroeeos 


ANT toterrogt 


Type specited 


MT@ interrupt on overtion 
WET interrupt return | 100191) 


PROCESSOR CONTROL 
Cre Crear carry 

CMC Complement carry 
SIC Set carry 


STB Set duecton 
Cal Clear intereupt 
STi Set entereupt 


ese Escape sto esternal Cevce 
AOCK Bus toch yretes oes 


Mnemonics © intel, 1978 


“AL = 6 Dit accumulator 
AX = 16-bit accumulator 
CX. = Count register 


DS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value 


- Greater = more positive: 


Less = less positive (more negative) signed vaues 
if d= T then “to” reg: if d = O then “from” reg 
it w & 1 then word instruction: af w 2 0 then byte instruction 


if mod = 11 then c/m is treated as a REG field 

if mod = 00 then DISP = 0°. disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits. disp- ™ 1S absent 
if mod = 10. then DISP = disp-high disp-low 


if cfm = 000 then EA = (BX) « (Si) - DISP 

if cfm = 001 then EA = (BX) + (0) + OISP 

if c/m = O10 then EA = (BP) - + (St) + OISP 

if cém = O11 then EA = (BP) - (01) - OISP 

if c/m = 100 then EA = (SI) + DISP 

it rim = 101 then EA = (Di) ~ OISP 

it.c/m = 110 then EA = (BP) +» DISP® 

if r/m = 111 then EA = (BX) > OISP 

= follows 2nd byte of instruction (Defore cata if fequired) 


“except if mod = 0 and tims 110 then EA a GiSp- nigh. bie: -low 


it s w= 01 then 16 bits of immediate data form the operand 

1s w= 11 then an immediate Gata byte ts sign extended to 
form the 16-bit operand 

tv=O then ‘count =t.itve 1 then ° ‘count’ in (CL) 

n=Gonicare , 

218 used for string premitives tor comparison with ZF FLAG 


SEGMENT OVERRIDE PREFIX | 


REG 1s assigned according to the fotlowing table 


eet esi tw 0 Segment 
000 AX 000 Al 00 €S 
001 Cx oot CL 01 CS 
- 010 DX 610 OL 10 SS 
o1: Bx. ow Bl. 1 OS 
100. SP 100 AH 
101. «BP | 101 CH 
170 Sho 110 OH 


Wi Ol 4t1 6H 


Instructions which satevence the fiag renieier file asa 16-bit ‘object use the symbot FLAGS to 
represent the file 


FLAGS = XXX X (OF) (OF) CIF) (TFs (SF) (ZF) X (AF) x (Pr) x CF) 
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82840 


n ock GENERATOR AND DRIVER FOR 


1APX 86, 88 PROCESSORS 


‘Courtesy. of Intel Corp. 


S Generates the System. clock for the: 
1APX 86, 88 Processors eae Oe 


a Uses a Crystal ora TTL Signal for 
Frequency Source 


® Provides Local READY énd Multibus™ 
READY Sypciwonization 


“@ 18-Pin Package 


& Single +5V Power Supply 


@ Generates System Reset Output from 
Schmitt Trigger Input 


s Capable of Clock Synchronization with 
Other 8284As 


‘Figure 1. 6264A Block Diagram 


#4U45-1011 8284A 


> RESET 


CLK 


READY 


Figure 2. 
6284A Pin Configuration 


Name. and Function 


“Address Enable: AEN is an active tow | 
signal. AEN serves to qualify its. respective 
Bus Ready Signal (ROY < or RDY2). AEN | 


| Vatidates RDY1 while AEN2 validates RDY2. 
‘Two AEN signal inputs are useful in system 


(access. two Multi-Master System Busses. in. 


-| signal inputs are tied true rue (LOW). 


ae ee ert area yt nein emenes eesemas ute, 


& device located on the system data bus that 
data has been received, or is available. RDY1 


iby AENZ. 


tee ate 


: ‘Ready Synchronization Select: ASYNC is an 
input which defines the synchronization 

‘mode of the. READY fogic. When ASYNC is 
_low, two stages of READY synchronization are 
provided. When ASYNC is teft open or HIGH a 
Single vege: of READY pce ali is 
_ provided. 


erence ten mee sepa yo een rsttretennneenne en nena 


Ready: READY is an active HIGH sional 
which is the synchronized ROY signal input. 
-READY is cleared after the guaranteed hold 
t time to the. 1e. processor he has been met. 


“Crystal In: X1 and X2 are the pins to which-a 
: crystal i is. attached: The crystal frequency is 3. 
times mes the » desired processor clock frequency. 


: Frequency/Crystal. Select: FiGisa strapping 
“option. When ‘strapped LOW, FIC permits the. 
| processor's clock tobe generated. ‘by the crys- 

tal. When F/C i is strapped iad CLK is gener- | 
ated trom n the EFI input. 


‘External: ‘Frequency: When FIC is strapped 
HIGH, CLK is. generated from the input fre- 
quency appearing on this pin. The input 
signal is a square wave 3 times the frequency 
of } the ) desired | CLK ¢ output. 


nt A ae Se Ae sine SNS nee tn 


FUNCTIONAL DESCRIPTION 
General 


The 82844 is a single chip clock generator/driver for the 
iAPX 86, 88 processors. The chip contains a crystal- 
controlled oscillator, a divide-by-three counter, com- 
plete MULTIBUS™ “Ready” synchronization and reset 
logic. Refer to Figure 1 for Block Diagram and Figure 2 
tor Pin Contiguration. 


Osclilator 


The oscillator circuit of the 8284A is designed primarily 
for use with an external series resonant, fundamental 
mode, Crystal from which the basic operating frequency 
is derived. 


Table 1. Pin n Description | 


“Symbol Type] oe 
} Clk Processor. Clock: CLK is the clock output’ 


- configurations which permit the processor to | : 


‘| non Multi-Master configurations the ‘AEN: 3 


Bus Ready: (Transfer. Complete). “RADY. is. a : 
active HIGH signal which is an indicationtrom | 


“18. Qualified by AEN while RDY2 is qualified | | 


#3 16 8284 


“Name and Function 


used by the: ‘processor and all devices which 
directly connect to the ‘processor’ 's local‘bus | 
(.e., the bipolar support chips and other MOS. 
devices). CLK has. an output frequency. which 
-is ofthe crystalor& Ftinput frequency anda 
.¥ duty cycle. An output HIGH of 4.5 volts. 
(Vec= Sys is sprosied on this. pn to Grive MOS : 
| devices. . 


Peripheral. Clock: -PCLK isa TIL level pe- | 
| ripheral clock signal whose output frequency | 
is Ye is Ye that of ( of: CLK Cand h has a 50% duty cycle. 


‘Oxciliator Or Output: OSt OSC is the TTL level out- | 
| put of the internal oscillator circuitry. Its fre-- 
quency is: equal to that of the crystal. 


Reset in: RES is an active LOW signal which 
is used to generate RESET. The 8284A. 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 
power-up reset of proper duration. 

‘Reset: RESET is an active HIGH signal which | 

is. used to reset the 8086 family processors. Its. 
timing characteristics are determined by 
RES. 


CSYNC. Clock Synchronization: CSYNC is an active 


HIGH signal which allows multiple 6264As to 
be synchronized to provide clocks that are in 
phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW 
the. internal. counters are allowed to resume 
counting. CSYNC needs to be externally syn- 
chronized to EFI. When using the internal os- 
cillator CSYNC should be hardwired to - 


Vee . Power: +5V supply. 


The crystal frequency should be selected at three times 
the required CPU clock. X1 and X2 are the two crystal 
input crystal connections. For the most stable: operation 
of the oscillator (OSC) output circuit, two series resistors 
(R, = Rg = 510 2) as shown in the waveform figures are 
recommended. The output of the oscillator is buftered and 
brought out on OSC so that other system timing signals 
can be derived from this stable, crystal-controlled source. 


For systems which have a Vcc ramp time 2 1V/ms and/or 
have inherent board capacitance between X1 or X2, ex- 
ceeding 10pF (not including 8284A pin capacitance), the 
contiguration in Figures 4 and 6 is recommended. This 
circuit provides optimum stability for the oscillator in such 
extreme conditions. It is advisable to limit stray ca- 
pacitances to less than 10pF on X1 and X2 to minimize 
deviation from operating at the fundamental frequency. 


Clock Generator 


The clock generator consists of a synchronous divide- 
by-three counter with a special clear input that inhibits 
the counting. This clear input (CSYNC) allows the out- 
put clock to be synchronized with an external event 
(such as another 8284A clock). It is necessary to syn- 
chronize the CSYNC input to the EFI clock external to 


the 8284A. This is accomplished with two Schottky flip- 


flops. The counter output is a 33% duty cycle clock at 
one-third the input frequency. — 


The FIG input is a strapping pin that selects elther the 
crystal oscillator or the EFI Input as the clock for the +3 
counter. If the EF! input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from OSC. 


Clock Outputs 

The CLK output Is a 33% duty cycle MOS clock driver 
designed to drive the iAPX 86, 88 processors directly. 
PCLK ts a TTL level peripheral clock signal whose out- 


put frequency Is ¥2 that of CLK. PCLK has a 50% duty 


cycle. in 


Reset Logic 
The reset logic provides a Schmitt trigger input (RES) 


‘and a synchronizing flip-flop to generate the reset. 


timing. The reset signal is synchronized to the falling 
edge of CLK. A simpte RC network can be used to 


provide power-on reset by utilizing this function of the» 


828A, 


READY Synchronization 


Two READY Inputs (RDY1, ROY2) are provided to accom 
modste two Multl-Master system busses. Each input 


has a qualifier (AEN1 and AEN2, respectively). The KEN 


signals validate their respective RDY signals. If a Mult: | 


| CLOCK 
SYNCHRONIZE 
| EFI 


8284A 


- PRELIMINARY 


Master system is not being used the KEN pin should be 
tied LOW. 


Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the 
RDY setup and hold times are met. inactive-going edges 
of RDY in normally ready systems do not require syn- 
chronization but must satisfy RDY setup and hold as a 
matter of proper system design. 


The ASYNG input defines two modes of READY syn- 
chronization operation. os 


When ASYNC is LOW, two stages of synchronization 
are provided for active READY input signals. Positive- 
going asynchronous READY inputs will first be syn- 
chronized to flip-flop one at the rising edge of CLK 
and then synchronized to flip-flop two at the next falling 
edge of CLK, after which time the READY output will go 
active (HIGH). Negative-going asynchronous READY in- 
puts will be synchronized directly to flip-flop two at the 
falling edge of CLK, after which time the READY output 
will go inactive. This mode of operation is intended for use 
by asynchronous (normally not ready) devices in the sys- 
tem which cannot be guaranteed by design to meet the 


required RADY setup timing. Tarvcr, on each bus cycle. 


When ASYNC is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 


READY inputs are synchronized by flip-flop two on the 
failing edge of CLK before they are presented to the 


processor. This mode is available for synchronous 
devices that can be guaranteed to meet the required 


ROY setup time. 


ASYNC can be changed on every bus cycle to select the 


_” appropriate mode of synchronization for each device in 
_ the system. | | | 


a» 


(T' o OTHER 8284As) 


Figure 3. CSYNC Synchronization 
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D.C. CHARACTERISTICS (1,=0°C to 70°C, Voc = 5V + 10%) 


7 r Ve Input Forward Clamp Voltage 
tcc | Power Supply Current 


| fawei 


| CSYNG Hold to EFI 
[lm | esyncwisth tee 


- ah | 20. From 0.8V to 2.0V 
| 12 From 2.0V to 0.8V 
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"NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


ABSOLUTE MAXIMUM RATINGS’ 


Malceaec leider iy pw ey g © A nae a wees nc tion of the device at these or any other conditions above 
ls fella Ra an oe Se = * those indicated in the operational sections of this specifi- 
All Output and Supply Voltages ......... -0.5V to +7V cation is not implied. Exposure to absolute maximum 
Allinput Voltages .................5. -1.0V to +5.5V rating conditions for extended periods may affect device 
Power Dissipation .............-. esses eee es 1Watt —_ reliability. 


Parameter Test Conditions 


Forward Input Current (ASYNC) 


Ve = 0.45V 

Other Inputs Ve= 0.45V 
Va = Vcc 

Va 5.25V 


Ic = —-SMA | 


{>> [33/6 


Reverse Input Currant (ASYNC) 
Other inputs z 


Va LC input Low vonage Ss 
LM od ~ Input HIGH Voltage —- — 


Reset Input HIGH Voltage 
Output LOW Voltage 


Output HIGH Voltage CLK 
Other Outputs 


A.C. CHARACTERISTICS (1, = 0°C to 70°C, Voc = 5V + 10%) | 
TIMING REQUIREMENTS | | 


Test Conditions | 
90% -90% Vin 
10% ~-10% Vin 


| XTAL Frequency ae ee 
ADY1,ADY2 Active SetuptocLK | 35 _—s 
| trivcn | _RDY1, RDY2 Active Setup to CLK 


RDY1, ADY2 Inactive Setup to CLK 


| | 


i?) 


g Zz 
~. oS 
ist = 
= 
" 
= 4/4 
© 
r 


3 
< 
=z 
i 
2 
= 


tyuen | CSYNC Setup to EFI 
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‘CLOCKS AND RESET SIGNALS 


—CcAR, CHARACTERISTICS $ (Continued) 
TIMING RESPONSES _ 


-CLK Cycle Period 
|. CLK HIGH Time, 


ae (Staed+2 for CLK Freq. < 8 MHz | 

[_(% tered) +6 for. CLK Freq. =10 MHz. 
| @A tere) +15 for CLK Freq.<8 MHz 
| 4 terer)—14 for CLK Freq.=10 MHz 


ns Fig. 7 & Fig. B 


“CLK LOW Time Fig.7& Fig. 6 


Pea 

tewer 
| ane PCLK HIGH Time 
| ten | PCLKLOW Time 


Ready inactive to CLK (See Note a 
Ready Active to CLK (See Note 3) 


| tan | Clk to Reset Delay 

“tore CLK to PCLK HIGH DELAY 
CLK to PCLK LOW Delay 
OSC to CLK HIGH Delay _ 
OSC to CLK LOW Delay. 


CLK Rise or Fall Time | 1.0V to 3.5V 


Fig. 9 & Fig. 10 
Fig. 9 & Fig. 10 


(% tercr)— 15 tor CLK Freq.<8 N MHz 
(4 tore) - 14 for CLK Freq. =10 D MHz 


|) MOTE: ALL TIMING MEASUREMENTS ARE MADE AT 1.6 VOLTS, UNLESS OTHERWISE NOTED. 


[Output Rise Time (excopt GLK) ia 
toon Dunit Fa ie eoene CLK) 


| From-0.8v to 2.0V _ 
_From2.0Vto0ev | — 


. READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 
1. é= EFI rise ne max) + EFI fall (6ns max). 

2. Setup and hold necessary only to guarantee ne at next clock. eee Cee oe oe GSP sm eh a AY 

3. Applies only to T3 and TW states. a | oats ea, Se ape ee be A 1 cw 


4. Applies only to T2 states. | ee eee i, cong Gee NS Xe, meen . paps 7. | “eo 
| | M Prictae ee | | —_ | taven—m| ke 


ADY1,2 


terrix ja 
taraw 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT | wewtz 


oO a 
tcraws ; 


tavve. 
Y= 2.00V 


A,» 9260 Asvine 


1.8 <@——— TEST POINTS ——@ 1.5 tclava fe 


READY 


Ac. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC °1° AND 0 45V FOR 
togie sia 0° eo MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 


tavncn ; tavece 


Cy = 100pF FOR CLK 
CL = 30pf FOR READY 


#443-1911 . 8284A (continuep) 


READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


te. 81x ——— 
em taives 


tame 


CLK 


| toa 
(SEE NOTE 1) | 
| — LOAD — 
ae (SEE NOTE 2) | 


_ tayvet 
Ry = Rg = 5100. 


ASYNC 


tavucn 


LOAD 
(SEE NOTE 1) | 


TRIGGER | 
PULSE 


GENERATOR [| KE ON epee 
— , | | LOAD — 
| (SEE NOTE 2) 


Ready to Clock (Using EFI) 


ae ee eee, eee a - LOAD 
er pare Oe eer ade Mire Fes “| (SEE NOTE 1) | 
24MHz Cf) : ; 


Ay = Ro = 510M. 


wores: | 
1. Cy © 100 pF 
~. 2..Cy = pF = 


Clock High and Low Time (Using EF!) 
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8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 


| a MCS.26™ Compatible . 
a MCS-80/85™ Compatibie _ 
e = Eight-Levet Priority Controller 


. . Programmable interrupt Modes 
@ Individual Request Mask Capability — 
Single +6V Supply (Ne Clooke) 
= 28-Pin Dual-in-Line Package 


The Intel® 8259A Programmable Interrupt Controlier handles up to eight vectored priority interrupts for the CPU. It ig 
cascadable for up to 64 vectored priority interrupts without additional circuitry. it is packaged in a 26-pin DIP, uses 
NMOS technology and requires a single + 5V supply. Circuitry is Static, requiring no clock input. 


The 8259A is designed to minimize the software and real time overhead in handiing multitevet priority interrupts. It has 
several Modes, permitting optimization for a variety of systam requirements. 


The 8259A is. fully upward compatible with the Intel® 8259. Software originally written: for Ine. 8260 will operate the . 
6259A in all 8259 equivalent modes (MCS-80/85, ‘Non: -Buffered, She Triguetedh 


PIN CONFIGURATION BLOCK DIAGRAM 


TA ny 


Ad CONTRA: 
0, -O, ie ros LoGcic 


INTERRUPT MAGK REG 
(Mn) 


lan HR A 


~ 
“Wn LERWAL GUS 
” NTERAUET ‘OUTPUT 


INTERRUPT ACKNOWL LOGE INPUT 


INTERRUPTS IN MICROCOMPUTER 


SYSTEMS 


Microcomputer system design requires that I/O devices 


- such as keyboards, displays, sensors and other com- 


ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the. microcomputer with little or no effect on through- 
put. 


‘The. most common method of servicing ‘such devices is 


the Polled approach. This is where the processor must 
test each device in sequence and in effect “ask” each 
one if it needs servicing. It is easy to see that a large por- 


ticn of the main program is iooping through - this con- | 


tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 


_ of using such devices. 
A more desirable method would be one that would allow __ 


the microprocessor to be executing its main program 
and only stop. to service peripheral devices when it is 
told to do so by. the device itself. in effect, the method 


e would | provide an external asynchronous input that 
_ would inform. the processor that it should complete 
_ whatever instruction that is currently being executed 


and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 


This method is called interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 


further enhance its cost effectiveness. 


The Programmable. Interrupt Controtier (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. it accepts requests from the peripheral 


equipment, determines which of the incoming requests . 


is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based on this determination. 


_ Each peripheral device or structure usually has a specia! 


program or “routine” that is associated with its specitic 
functional or operational requiremenis; this is referred 
to as a “service routine”. The PIC, after issuing an inter- 
rupt to the CPU, must somehow input intormation into 
the CPU that can “point” the Program Counter to the 
service routine associated with the requesting device. 
This “pointer” is an address in a vectoring table and will 
often be referred to, in this document, as vactoring data. 


8259A BASIC FUNCTIONAL DESCRIPTION 
GENERAL 


The 8259A is a device specifically designed for use in 
reai time, interrupt drivan microcomputer systems. It 
manages eight levels or requests and has built-in fea- 
tures for expandability to otner 8259A's (up to 64 levels). 
it is programmed by the system's software as an W/O 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are processed by the 8259A can be configured to 


#451812 _ 8259 


match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- . 
‘ing the main program. This means that the complete in- 
terrupt structure can be defined as required, based on 
the totai system environment. 


 CPUORIVEN 
MULTIPLEXOR 


vO (1) 


W/O (2) 


Polied Method 


interrupt Method 


INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 


The interrupts at the IR input lines are handled by two 
registers in cascade, the interrupt Request Register 
(JAR) and the In-Service Register (ISA). The IRR is used 
to store all the interrupt levels which are requesting ser- 
vice; and the ISR is used to store all the interrupt levels 
which are being serviced. 


PRIORITY RESOLVER 


This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and strobed 
into the corresponding bit of the ISR during IN NTA pulse. 


INTERRUPT MASK REGISTER (IMR) 


The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of tower priority. 


INT (INTERRUPT) — 
This output goes directly to the cpu interrupt input. The 


Vor level on this tine is designed to be fully compatible 


with the 8080A, 8085A. and 8086 input levels. 
inTA (INTERRUPT ACKNOWLEDGE) 


INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data | 


depends on the system mode (4PM) ot the 5259A. 


DATA BUS BUFFER 


This 3-state, bidirectional 8-bit buffer is used to inter- 
tace the 6259A to the system Data Bus. Control words 
. and status intormation are  transterred ca dy the Data 
oa Bus Butter. | | _ 


READIWRITE - CONTROL Loaic 


The function of this block is to accept OUTput com- 
mands trom the CPU. It contains the Initialization Com- 
mand Word. (ICW) registers and Operation Command 


Word (OCW) registers which store the various control . 
- formats tor device operation. This function block also 


- allows the status of the 82594 to be transferred onto the 
_ , Data Bus. 


S 3 (CHP SELECT) 
A LOW on this input enables the 8259A. No reading ¢ or 


writing of the chip will occur unless the movice is 


selected. 


wr (WRITE) 


A LOW on this input enables the CPU to write control 
words (iCWs and Soe to the 8259A. 


RD (READ) . 

A LOW on this input enables the 259A to send the 
status of the interrupt Request Register (IRR), in Service 
Register (ISR), the interrupt Mask Register. Jens or the 
mreriue teve! onto the Data Bus.. : 


CaS 27 RATOR 
+: . . 


“INTERNAL OUS 


8259A. Block Diagram 


win ff Ra x 


INTERNAL BUS 


8259A Block Diagram | 


Ay 


This input signal is used in conjunction with WR and RO 


signals to write commands into the various command . 
registers, as well as reading the various status registers: 


of the'chip. This line can be tied ery to one of the ad- 


. Gress lines. . 
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THE CASCADE BUFFER/ICOMPARATOR 


This function block stores and compares the !Ds of-all 
8259A’s used in the system. The associated three /O 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
siave. As a master, the 8259A sends the ID of the inter- 
rupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA pulses. (See section “Cascading the 
8259A"’.) . 


_ INTERRUPT SEQUENCE 


The powerful features of the 8259A in a microcomputer 
syStem are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor- 
mal sequence of events during an interrupt wepancs on 


_ the type of CPU being used. 


The events occur as foltows in an MCS-80/85 system: 
1.One of more of the INTERRUPT REQUEST lines 


(1R7-0) are raised high, setting the corresponding IRR © 


bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU. group, the 
highest priority ISA bit is set, and the corresponding 
{RAR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its 07-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 


6. These two INTA pulses allow the 82594 to release its - 


preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 


iNTA pulse and and the higher 8-bit address is re-. 


leased at the second iNTA pulse. 


7. This completes the 3- -byte CALL. instruction released 
by the 8259A. In the AEOI mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EO! command is 
"issued at the end ‘of the interrupt sequence. 


The events occurring in an MCS. 86 system are the same 


until step 4. 


4. Upon. receiving an intA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IAA 
bit is reset. The 8259A does not drive the Data Bus 
during this cycle. 


5. The MCS-86 CPU will initiate a second iNTA pulse. 
Daring this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where itis read by the CPU. 


| 6. This completes the interrupt cycle. In the AEO! mode 


the ISR bit is reset at the end of the second INTA 
~ ‘pulse. Otherwise: the 1SR bit remains set until an 


__.. appropriate EOl-command is issued at the end of the 


Anterrupt Subroutine. 


if no interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
bytes and the CAS lines will look like an interrupt fevel 7 
was requested. 
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ICS-4 aS SYSTEM eee | 
7 This sequence is timed by three inTA pulses .. During | the 


first INTA puis the CALL sce is enabled onto the 
datat bus. . 


_ er i sii — 
Vector Byte 


Rag 06 05 04 
cee 


During the second iNTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
‘When interval = 4 bits As-A7 are programmed, while Ag- 

Aaare automaticaily inserted by the 8259A. When inter- 
val = 8 only Ag and A; are programmed, while Ag-As are 
automatically inserted. 


Content of Second Interrupt 
Vector Byte 
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uring the third INTA pulse the higher address of the ap- 
propriate sérvice routine, which was ‘programmed as 
byte 2 of the initialization: sequence (eri) | ‘is enabled 
onto: the bus. » : 


Content of Third Interrupt 
‘Vector Byte . 


o1 


(aa apa pape eS 


“MCS. 86 SYSTEM 


_MCS-86 mode is similar to MCS-80 mode except that 
only two Interrupt Acknowledge cycles are issued by 
the processor and no CALL opcode is sent to the proc- 
essor. The first interrupt acknowledge. cycle is similar to 
that of MCS-80/85 systems in that the 8259A uses it to 
internally freeze the state of the interrupts for priority 
resolution and as a master it issues the > interrupt code 
on the cascade lines at the end of the INTA pulse. On 
this first cycle it does not issue any. data to the proc- 
essor and leaves its data bus buffers disabled. On the 
second interrupt. acknowledge cycle in. MCS-86 mode 


the master (or ‘slave it so (programmed) will send a byte 
of data to the: processor with the. acknowledged inter. 
 fupt code ‘composed as follows (note the state of the 


ADI mode. control is lgnotes and AscAnn are ‘unused in 
MCS: 86 boca 


Content of interrupt Vector Byte 
for MCS. 86 System Mode 


PROGRAMMING THE 8259A - 235 : 
The. 82590 accepts two types. of command words gener. ‘ 


ated by! the CPUS 


wh 


. Initialization Command Words (IC Ws): Betore normal 


operation can begin, each 8259A in the system must. 
be brought toa Starting point — bya sequence: of 2to” 
4 bytes timed by WA pulses. This sequence: iS 


described in Figure. 1. 


2. Operation Command Words (ocws): These are the. | 


command words which command the 8259A to oper- 


ate in various. interrupt. modes.. These modes - are: < 


a. Fully nested mode 

b. Rotating priority mode 
c. Special mask mode — : 
d. Polled mode: ke 


The OCWs can \ be written into the 8259A anytime after 


initialization. - ae 

RD | WR cS 

dee be O bee 

oe 0 0 

1 | 0 0 

1 0 0 

x Xx Xx 1 1 ft) 

x x | x x UX 1 


pape 


INITIALIZATION 


GENERAL 


this is interprated: 2 as “initialization: Gommacid Word 1 


(iCw1).. ICW1 starts the initialization: sequence ser 
which the following automatically occur. : 


a. The edge sense circuit is reset, which means. that 

- following initialization, ‘an interrupt: request IR). input 

must make a low-to-high: transition. to id esac an 

interrupt. . : 

The Interrupt Mask Register is cleared. 

iIR7 input is assigned. priority 7. . 

The slave mode address is set to 7. 

Special Mask Mode is cleared and Status Read is set 

to 1AR. 

{. If 1C4=0, then ail functions selected i icwa are got ? 
to zero. (Non-Buffered mode’, no Auto- EO MCS- 80 
85 system). : 

*Note: Master/Slave in ICW4 is only used in nthe bultered mode. 


_INPUT OPE OPERATION (READ) 


te eatin ancraeretne awe. one a ose Rar tm et me nn eR eae 


IRR, iSR or interrupting Level —» DATA BUS (Noset) 1) 
IMR --~» DATA BUS 


OuTPUT OPERATION (WRITE) 


DATA BUS -» OCW2 
DATA BUS -» OCW3 
DATA BUS “> ICW1 
_ DATA A BUS - “> OCW, | ICwe2, CWS,  WCW4 LW4 (Note 2 2) 


“DISABLE FUNCTION 


Oe ent ae ne en erm So a ne te Eee eR oF Sern TiN cane teh ntatn” eee 


DATA BUS -» 3-STATE 
DATA BUS. > 3- ‘STATE 


ae ee a ment aren nae eae ne maermnette 


Notes: 1. Selection of iRA, ISA or intarriiptirig Lovet 18 based on the content of ocws written Batok the READ opel. 
2. On-chip sequencer logic queues these commands into prope: sequence 


6259A Basic Operation 


earn einen NRRL 


INITIALIZATION COMMAND WORDS 1 AND 2 
acw1, iCW2) — 
As-A\5: Page starting adgress of service routines. In an 


MCS 80/85 system, the 8 request levels will generate 
CALLs to 8 locations equally spaced in memory. These 


can be programmed to be spaced at intervals of 4or8 


INITIALIZATION COMMAND WORD 3 (icw3) - 


This word is read only when there is more than one 
8259A in the system and cascading is used, in which 
case SNGL = 0. It will load the 8- bit slave eae The 


functions of this register are: 


a. tn the master mode (either when SP = 1, orin buffered 
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1 iCwa NEEDED 
G+ NO ICW4 NEEDED 


aaa ananneeemnmneneemnanemnmmmonemmmanamiaas 


OPERATION COMMAND WORDS (OCWs) 


Atter the Initialization Command Words (iICWs) are pro- 
grammed into the 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithms can com- 
mand the 8259A to operate in various modes through 


memory locations, thus the 8 routines will OccUny a 
page of 32 or 64 bytes, respectively. 


The address format is 2 bytes long (Ag-A,4). When the 
routine interval is 4, Ag-A, are automatically inserted by 
the 8259A, while As-A,s are programmed externally. 


mode when M/S = 1 in ICW4) a.‘"1" is set for each 
siave in the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and will 
enabie the corresponding slave to release bytes 2 and 
3 (for MCS ‘86 only byte 2) through the cascade lines. 


the Operation Command Words (OCWs). 


OPERATION CONTROL WORDS (OCWs) 


CALL ADDALSS INTERVAL 


When the routine interval is 8, Ag-As are automatically ~—p. in the slave mode (either when SP = 0, or if BUF = 1 Labeled 

inserted by the 8259A, while Ag-Ais are programmed _ and M/S = 0 in 1CW4) bits 2-0 identify the. slave. The peas 

externally. slave compares its cascade input with these bits and, —— i ane gts i co Seie's a ile 
| . if they are equal, bytes 2 and 3 of the call sequence (or See anEhed WON’ yO a ae nn ne ent an emene 

The B-byte interval will maintain compatibility with cur. just byte 2 tor MCS-86) are released by it on the Data ses 1] M7 MG MS Me M3 wow] 

rent software, while the 4-byte interval is. pest foracom Gus. . . 

pact jamp table. | 

_In-an MCS-86 system Ay5-A;, are inserted in the five ‘INITIALIZATION COMMAND WORD 4 (ICW4) a) are : : 7 or 
most significant bits of the vectoring byte and the FNM: if FNM = 1 the fully nested mode is programmed. ea rn | ; ge Ta ocw2 


8259A sets the three least significant bits according to) guy. 2 
the interrupt level. A,o~As are ropere and ADI. apblaics et poets SEN cadences eoetloouical 
interval) has no effect. — and the master/siave determination is by M/S. 
LTIM: If LTIM= 1, then the 82594 will | operate in the MIS: If buffered mode is selected: M/S = 1 means the 
level’ interrupt mode. Edge detect logic on the 8259A is programmed to te a master, M/S=0 


“interrupt inputs will be disabled. _ means the 8259A is programmed to be a slave. If ews seus 
ADI: CALL address interval. ADI = 1 then interval = 4, BUF = 0, M/S has no function. [0 | 0 SSMM SMM 0 7 1 P SRIS_ As | 
~ " ADI=0 then interval=8. . AEOK: If AEOt= 1 the automatic end of interrupt mode | _ 

SNGL: Single. Means that this is the only 82590 i in the. is programmed. 


system. If SNGL = 1 no ICW3 willbe issued. =u PM: Microprocessor mode: uPM = 0 sets ‘the 8259A 
(C4: If this bit is set — ICW4 ue to be read. if iCws — _ for MCS-80/85 system operation, «PM=1 sets 
the 8259A for MCS-86 system operation. 


2+ 1 INPUT HAS A SLAVE 
O + IH INPUT DUES NOT fave 
- MSLAVE 


, OPERATION CONTROL WORD 1 (ocw1) | 

~ OCW1 sets. and clears the mask bits in the Interrupt 
Mask Register (IMR). M7-Mo represent the eight mask 
bits. M= 1 indicates the channel is masked clas 
‘M =0 indicates the channel is enabled. 


is not needed, set CA = 


0, o,.. o OQ, Oe, 


cw 


OPERATION CONTROL WORD 2 (OC W2) 


R, SEOH, EO! — These three bits controt the Rotate and 

End of Interrupt modes and combinations of the two. A 

chart of these combinations can be: found on the e Opera: 
~ tion Command Word Format. 


Lz, Ly, bo — These bits determine the interrupt level 
acted upon when the SEO} bit is active. 


Satie eee ae ee ee ee WES He 


(SNGL « 1) 


‘Two (SNGL=0) Ee gee eee 
1< MCS G6 MODE 


in: anne OPERATION CONTROL WORD 3 (OCW3) | 
ESMM — Enable Special Mask Mode. When this bit is 
set to lit enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = 0 the SMM bit becomes a 


“don't care” 


SMM — Special Mask. Mode. If ESMM = = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. lf ESMM=1 
“and SMM = 0 the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has: no ‘effect. : 


"]. NON But FERED MODE 
- SUFFERED MODE /SLAVE 
~ BUFFERED MODE MASTER 


“4 VES «Cé4at) 


. NOTE 1: SLAVED ID IS EQUAL TO THE CORRESPONDING MASTER IA INPUT. 
NOTE 2: X INDICATED “DONT CARE”. 


"Figure 1. Initisiization Sequence initialization Command Word Format 
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-PINTERRUPT MASK] 
J} MASK SET 
[0 MASK -RESET. | 


~ OCW? 


OCD LEVEL TOBE RESET 
-GRPUT INTO LOWEST PRIORITY 


} Non specific EOF . 
Specific EO’ LOL2 code of 1S FF ta'be reset 
i | Rotate at FOt Automaucaily (Mode A) 
we 5 “Rotate et EO! (mock Bb LOL2 code of ne 
0 


“Set Rotate & FF 


o “Clear Rotate AFF a 
0 Rotate priority (mode G) independently of £01. 
o| NO. Operation . 


“OCWS . 


“yO 


READ INSERVICE REGISTER 


AR REG 
[ON NEXT 


A HIGH ENABLES THE NEKT AD PULSE 
EST LEVEL REQUESTING INTERRUPT 


SPECIAL MASK MODE 


Operation Commend Word Format 


TO READ ThE OCO CODE OF IHE HIGH | 


INTERRUPT MASKS 


a Each: Interrupt Request input ‘can’ be ‘masked individu 


ally by the Interrupt Mask: Register (IMR) progr ammed 


through OCW1. Each bit in the IMR masks one interrupt 


channel if it is'set-(1)2 Bit 0 masks IRO, Bit 1 masks.IA1 


‘and-so forth. Masking an: IR channel. does not-affect the 


other channels: Operation. 


“SPECIAL MASK MODE 3 | 
-Some applications - may require an interrupt service 


routine to: ‘dynamically: alter the system. priority:-struc- 
ture during its execution under. software control. For 
exampie, the routine may wish to inhibit tower priority 


‘requests fora portion of its. ‘execution but enable some 
of them tor: another portion. 


The difficulty here is that if an interrupt “Request is 


acknowledged and an End of interrupt command did not 


reset its IS bit (i.e., while executing a service routine), 
the 8259A would ‘have inhibited al! lower priority 
requésts with no: “easy” way for the aouting to: enable 
them — 


That is. where the Special Mask Mode comes in. In the 


bo —-Speciat: Mask Mode, when a mask bit is set in OCW, it 

inhibits. further interrupts. -at that level and enabies inter- 

- fupts from all other levels: (lower as well as higher) that 
“are not masked. 


Thus, any ‘interrupts - may- ‘be selectively enabled by 
“loading the mask register. 


. ‘The- ‘special “Mask .-Mode is set ‘by: ‘OCW3 where: 
SSMM = 1, sua), and cleared where SSMM=1, 
“SMM= 0. en Stee 


“BUFFERED MODE 


“When: the 8259A: ‘is: used°in. a large: system: where bus 

é “driving buffers are required on the data bus and ‘the cas- 

_-€ading mode is-used, there exists the probiem of enabi- 
~~ing buffers. 

“The buffered mode will: structure the 8259A to send an 

enable signal on SP/EN to enable the buffers. In this 


mode, whenever the 8259A’s data-bus outputs: are ena- 
bied, the SP/EN output becomes active. 


This moditication forces the use of software program- 


ming to determine whether the 8259A is a master or a 


slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether itis a master or a slave. 


- NESTED ‘MODE 
This: mode. is:entered after. initialization: ‘unless another 
mode -is programmed. The interrupt. ‘fequests. safe 
- ordered in priority trom0 through 740° Nighest). ‘Whenan. 
: interrupt is acknowledged the highest priority request. is 
determined, and its: vector. enna on th bus. ‘Addition: 


qauiraing? tien ‘the service routine, ‘orif AEOIL (Automatic 
‘End-ot Interrupt) bit is set, until the trailing edge-of the ~ 
‘last INTA. While the IS bit is set, all further interrupts of 


the: ‘same or lower. “priority: are. inhibited, while- higher 


levels. will: ‘generate: ‘an interrupt. (which will be acknowl. 
edged. only if the> ‘microprocessor internal Interrupt - 
enable flip: flop: has been re- ‘enabled through: ‘software). 


Atter the initialization sequence, RO has the highest 


priority and iR7 the lowest. Priorities can be. changed, as 
will be hexpleined, in the rotating priority mode. 


THE SPECIAL FULLY NESTED MODE 


This mode willbe used: in the case of a big system 
where cascading is used; and the priority has to. be con- 
served within each slave. In this case the fully nested 
mode will be programmed to ‘the master (using :}CW4). 
This mode is similarto the normal nested mode with the 


_ following exceptions: 


‘a. When an interrupt request from a certain stave is in 


‘Service this slave isnot locked out from the master’s 
priority logic and further interrupt. requests from 
“higher priority iR’s within the slave will be.recognized 
-by the master.and will initiate interrupts to: the proc- 
-essor: (in: the normal nested. mode a slave is masked 

out when its request is in service and no higher 

requests from the same slave can be serviced.) 


b. When exiting the Interrupt Service routine tne: soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End ot-interrupt (EO!) command:to the 
slave and: then reading its In-Service register: and. 
checking for zero: If it is empty, a non-specific EO! 
‘can be sent to the master too..!f not, no EC} should be 
sent. 


POLL 


in this mode the microprocessor internal Interrupt 
Enable flip-tlop is reset, disabling its interrupt input. 
Service to devices is achieved by programmer initiative 
using a Poll command. 


The Poil command is issued by setting P = “Tin Ocws. 

The 8259A treats the next RD pulse to the 82594 (i.e., 
RD =0, CS=0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the 
priority level. interrupt is frozen from WR to RO. 


The word enabled onto the data bus during AD is: 


o7 06 05 «04 (03. D2 ON po 
we. WI wo | 


ecppereetieaiscee en eum Sn teen NR. mei ee renee me Me nnerttner ment etme ect AIEEE SR, 


wo-W2: Binary code of the highest priority level 
requesting service. 
(; Equal to a"1" if there is an interrupt. 


{ _— aa wae 


This mode is useful if there is a routine command com- 


mon to several levels so that the INTA sequence is not 
needed (saves ROM space). Another application is: to 
use the poll mode to expand the number of priority 
levels: to more than 64. 


END OF INTERRUPT (EO!) 
The In Service (IS) bit can be reset either. automatically 


following the trailing edge of the last in sequence INTA 


pulse (when AEO! bit in ICW1 is: set) or by a command 


- word that must be issued to the 8259A before returning 
from a service routine (EO! command). An EOI command 


must be issued twice, once tor the master and once for 


_ the corresponding slave if slaves are in use. 


There are two forms of EOI command: Specific and Non- 
Specitic. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOI. When a Non-Specific EO! 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
nested mode the highest IS level was necessarily. the 
last level acknowledged and serviced. 


However, when a mode is used which may. disturb the. 
fully nested structure, the 8259A may no longer be able 


to determine the last level acknowledged. In this case a 
Specific End of interrupt (SEO) must be issued which 
includes as part of the command the IS level to be reset. 
EO! is issued whenever E = 1, in OCW2, where LO-L2 is 
the binary level of the iS bit to be reset. Note that 
although the Rotate command can be issued together 
with an EO! where E = 1, it is not necessarily tied to it. 


It should be noted that an 1s bit that is masked by an 
IMR bit will not be cleared by a non-specific EO! if the 
82594 is in the Special Mask Mode. 


AUTOMATIC END OF INTERRUPT (AEOl) MODE 


jt AEOL= 1 in ICW4, then the 8259A will operate in AEO! 
mode continuously. until reprogrammed by ICW4. In this 
made the 8259A will automatically perform a non- 


“specific EOI operation at the trailing edge of the last 


interrupt acknowledge pulse (third pulse in MCS-80/85, 


a 
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femwate: 


second in MCS-86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure Is not required within a single B259A. 
To achieve automatic rotation (Rotate Mode A) within 
AEOI., there is a special rotate flip-flop. It is set by OCW2 
with R= 1, SEOI=0, E=0, and cleared with R=0, 
SEOI= 0, E=0. ee SOS eS 


ROTATING PRIORITY MODE A (AUTOMATIC 
ROTATION) FOR EQUAL PRIORITY DEVICES 

in some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case until each ot 7 other devices are serviced at most 
once. For example, if the priority and “in service” status 
is: 


Betore Rotate (iA4 the highest priority requiring service) 


oe COUT 


Lowest Priosity Highest Priority 


Cf TeteTs Poe] 


Prority Status 


After Rotate (IR4 was serviced, ail other priorities 
rotated correspondingly) 


1S7_ 186 485 ($4 1S3 182 151 150 
fol+eloleyolo]o} 
Highest Priority Lowest Priority 


Be its L EasEARIEL 


“1S” Status 


Prionty Status. 


The Rotate command mode A is issued in OCW2 where: 
R=1. E=1, SEO!=0. Internal status is updated by an 
End of interrupt (EO! or AEO!) command. If R= 1, E=0, 
SEO! = 0, a “Rotate-A” flip-flop is set. This is useful in 
AEO!, and described under Automatic End of Interrupt. 


-ROTATING PRIORITY MODE B (ROTATION £ SY . 


SOFTWARE) 


The programmer can change priorities by programming 
the bottom priority and thus fixing ‘all other priorities; 
i.e., if 1R5 is programmed as the bottom priority ¢ device, 
then IR6 will have the highest one. - % 


The Rotate command is issued in OCW2 where: R= 1, 
SEOI = 1; LO-L2 is the binary priority level code of the 
bottom priority device. — 


Observe that in this mode internal status is ‘updated by 


~gottware control during OCW2. However, it is independ- 
‘ent of the End of interrupt (EOI) command. (also exe- | 
“cuted by OCW2). Priority changes can be executed dur- 


ing an EOI command or independently. 


eee cence rn Ane A TTP LO AC CCL LA TS, 


cre nn esa enteoe eon eT DOSEN, 


tim at 
0. £0G€ 
VT LEVEs 
¥ wan PRIORITY 
IN SENVICE BESOCVER 
LATCH 
mre" \\ CONTROL 
as ) ocr 
BEQUEST 
FACEZE : | ; INTERNAL ‘ 
1 | oe mmm = DATA BUS 
. \ 1 
s BZ 8 ¢ 
ra 93 «Oo? : 
Ld ory i 3 
ee ig. aw 
z « 
WOTES 
1. MASTER cut AR active ONLY DURING ICWw! 
2 FREEZE: 18 ACTIVE DURING INTA; ANL POLL SEQUENCES ONL ¥ 
3. TRUTH TABLE non OLATCH 
C408 7 GL p OPERATION 
en eae “OO OE. FOLLOW. 
o +! x !  Qn-t HOLD 
Priority C Cell . | | 
LEVEL TRIGGERED MODE In-Service Register (ISA): 8-bit register which contains 


This mode is programmed using bit 3 in (CW1. 


if LTM = ‘1', an interrupt request will be recognized by a 
‘high’ level on IR Input, and there is no need tor an edge 
detection. The interrupt request must be removed 
before the EOI command is issued or the CPU interrupt 
is enabled to prevent a second interrupt trom occurring. 


The above figure shows a conceptual circuit to give the 


- ¢eader an understanding of the level sensitive and edge 


sensitive input circuitry of the 8259A. Be sure to note 
that the request latcn ts a cease D type latch. 


- READING THE 8250A STATUS 


The input status of several internal registers can be read 
to update the user information on the system. The 


following registers can be read by eung a suitable 


OCW3 and reading with RO. 
interrupt Mask Register: 86-bit register. whose content 


specifies the interrupt request lines being masked. 


acknowledged. The highest request level ts reset from 
the IRR when an interrupt ts acknowledged. (Not 
affected by IMR.) 


the priority levels that are being serviced. The {SR is 
updated when an End ot interrupt command is issued. 


Interrupt Mask Register: 8-bit register which contains 
the interrupt request lines which are masked. 


~The IRR can be read when, prior to the AD pulse, a WR 


pulse is issued with OCW3 (ERIS= 1, RIS=0.) 


_ The ISR can be read in a similar mode when ERIS = 1, 


RIS = 1 in the OCW3. 


‘There is no need to write an OCW3 before every status 


read operation, as tong as the status read corresponds 
with the previous one: i.e., the B259A “remembers” 
whether the IRR or ISR has been previously selected by 


- the OCWS. 
. After initialization the 8259A is set to IRA. 


AO= t. 


Polling overrides status read when P= 4, ens in 
OCW3. 


+ ICWi AO A? AG AS 1 arr 
3. 1CWI GC. 0 AT AB ABS 4 
5 (CWI E 0 A? AG” 1 0 0 
6 icwi F 0 A? AG. 1 1 0 
7° 1W1 G0 A? “40-0 
oe icwr HO ar Gt 
9 Icwr i 0 AT AG en er 
10. ICwI 0 AT AG een eee 
4 CWI K 0 AT AB. te Oost 
12. CWI LO A? Y 42, 
13° 1CWr M. 0 A? AG 1-0 0 
14 -ICWI NO A? AB 1 4 O 
15. icwr O 0 A? AG 4°00 
16 «6ICW P 0 AT AG 1.4 «0 
17 iCw2 1 AIS Ala Al2 Atl A10 
18. ICW3 oM ’ S¢ 83 
19 iCw3 S 1 an) 

20 ICWe A 1 0 0 
2. ICWSA B 1 0 0 
22 icws CC 1 0 Oo 
23 «Icwe OD 1 o 60 
24° icwe E44 o oO] 

2 4icwe FO 4 a 
2 «Icwa G 1 0 0 
27 iCwa + 0 0 
2 0 66icwe tt o 1 
2 iCWa 1. oO ov 
30° CWA OK 1 0.1 
31 CWA L a oo. 

32, CWS Mo o..1 
330 OICWa ON ’ o 4 

: 36 CWA OO ’ 

35 ICws OP 1 o 1 
36 ICW4 NA 1 1 oO 
37s ICWasNB 1 ae) 

380 ICW4 NC 1 1 0 
32) = ICWS ND 1 1 OD 
40 ICWA NE ’ 1 0 

1 1 0 
1 1 0 
1 y 0 
1 1 1 
) 1 7 
A , 4 
’ 1 4 
’ 14 
1 1 1 
1 , 4 
1 rod 
i] 
0 
0 
0 
0 
0 
) 
0 
0 
0 
0 
0 
0 


C- ec CoO OO-+-4+s4 Boe ceoe eco eee coe eo ooo cooeoco eo eco oo eo eo og 2 COOCORR,R ococeooerezig |. 


coo co-o-a==ceoBoocccosesesece coc cc ec ccc oe ec Oooo eee 
iii id ee ee es 2 


3% 8 ©60OCcwI ‘M4 M3 M2 
37, OCW2 E 0 0 oO 

OCw2 SE o oO t2 
39 §=OCW2 RE 0 o 0 

OCW2 RSE 0 0 t2 
a OCcwW2 A 0 0 0 
42, +OCw2 CR o oO 0 
43°» =OCW2 AS o oO 2 
44) OCW3 P o 4 1 
45 OCW3 RIS 0 1 0 
46 OCW3 AR o 1 O 
47 = OCW3 SM o 1 O 
46 = OCW3 ~RSM o 1 0 


Note: 1. In the maste: mode SP pin = 1, in slave muds SP= 0 


#443-1812 8259A (CONTINUED) 


ws ee OSCCOHAH HOC DC CORAM Hn DC OCCOH MH HCCC ONY 


—s “7-904 004+-= FCO 4+ CO- FCO H+ COMA CoH- HOON UR COm- FCO“ Oo - -eo--f 


°o 


ut 


v OF e250a INSTRUCTION SET 


~ Byte.1 Initialization 


No ICW4 Required 


Byte 1 Initialization 


ICW4 Required _ 


format= 4, single, oage wiggered 


Format = 4, single, ievel. triggered 
Format = 4, not single, edge. triggered 
Format = 4, not single, level triggered 
Format = 8. single, edge triggered: 


. Format = 8, single, level triggered 


Format = =8, ‘not single, edge triggered 


-. Format = 8, not-single, tevel triggered 
; Format = 4, single, edge. triggered 


Format = 4, single, level. triggered 
Format = 4, not single, edge triggered 
Format = 4, not single, level triggered 


Format = =8, single, edge. triggered 
Format = 8, single, tevel triggered 


Format = 8, not single, edge triggered 


Cascading 


The 8259A can be easily interconnected in a system’ of — 
one master with up to eight slaves to handle up: to 64 


priority revels: 


A typical MCS. 80/85 system is shown in “Figure 2 ‘The 


master controls, through the 3.line cascade bus, which 
one of the slaves will release the al 
address.. 


As: shower: in Figure 2, the slave interrupt. outputs. are 


connected to the master interrupt request inputs. When 
a slave request line is activated and afterwards acknowl. . 


to release the device routine address during byes 2 and 


3 of INTA. (Byte 2 only tor MCS- 86): 


The cascade bus lines are normally low and will éontain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge-o! the third pulse. It is 
obvious that each 8259A in the system must follow. a. 
separate initialization sequence and..can be'-.pro-._ 
grammed to work ina different mode. An EOI command. 

must be issued twice: once tor the master and once for 
the. corresponding. slave. An address decoder is required | 


to activate the Chip Select (C$). input of each 259A. 


The cascade lines. of the: Master B259A are activated ie. 
any interrupt input, even if. no slave iS connected to that 
input. | 


Bultered 1 mode, sla 


Fully nested mode, MCS-80, non-buttered, no AEO! 


| A nemeaarmnatneanes sen 


Format = 8, not singie, level triggered — edged, | the master will enabie- the corresponding slave. 
Byte 2 initialization : 

Byte 3 initialization _- master | 

Byte 3 initialization — slave 

No action, redundant 
Non-butfered mode, no EOI. MCS-86 
Non-buftered mode, AEOH, MCS-60/85 
Non-buffered mode, AEOI, MCSi66 


No action, redundant - 


Non-butfered mode, no AEOI, MCS-86 . 
Non: buffered mode, ‘AEO!, MCs: 60/85 
Non- buffered mode, AEOI, MCS.86 
Guftered mode, slave, no. AEOI, MCS-80/65._ 
Buttered mode, slave. no AEOI, (MCS-86. 
Buftered mode, siavi AEOI, MCS.80/85 
‘AEO!. MCS:86 
Buttered mode, master; no. AEOI, MCS-80/85 © 
Bufterea mode, master, no AEO!, MCS- 86. 
Buttered. mode, master, AEO!I, MCS-8085 - 
Buttered mode, master, AEO!, MCS-86 


ADORESS 8US (16) 


CONFROK BUS 


thet Er aie 


DATA BUS (8) 


ICW4 NB through ICW4 NO are identical to 
Icwa 8 through ICW4 D with the adgition of 
Fully Nested Mode 


Fully Nested Mode, MCS. aoves, non-buitered, no AEO! 


Bz54a 
MASTER 


SPM? MG MS M4. M3.M2 Mt MOR 


maanennae 


piesa 


iICW4 NF through ICW4_.NP are identical to 
icws F through ICW4.P with the addition of 
Fully Nestea Mode Linden 


INTERRUPT REQUESTS 


Load mask register, read. mask reguster 
Non-specific EOI 

Specitic EOI. LO-L2 code of IS FF to be reset 
Rotate at EOI Automatically (Mode A) 

Rotate at EOI (mode 8). LO-L2 code ot tine 
Set Rotate A FF 

Clear Rotate A FF 

Rotate pnorily (made B) independently of EO! 
Paoli mode 

Read 1S register 

Reau request register 

Set speciat mask mode 

Reset special mash mode 


Figure 2. Cascading the 8259A 


| eR apenas heir ta OY RNERRRRAIM «SCY PS LL LCC LLL LLL LLL LLL LL AA LT CC LC CI 


PINFUNCTIONS OS 
Name UO Pind Function 

Veo 2B + 5V ‘supply. 

GNO 14 = Ground. 


Bidirectional data bus, used for: 
a) programming the mode of the 
8259A (programming is done by 
software); b) the microprocessor 
can read the status of the 8259A; 
c) the 8259A will send vectoring 
data to the microprocessor when 
an interrupt is acknowledged. 
18-25 interrupt Requests: These are 
asynchronous inputs. A positive- 
going edge will generate an in- iNT 
terrupt request. Thus a request 
can be generated by raising the 
line and holding it high until 
acknowledged, or by a negative 
pulse. in level triggered mode, no 
edge is required. These lines are 
active HIGH. 
Read (generally from 8228 in 
MCS-80 system or from 8086 in 
MCS-86 system). 
Write (generally from 8228 in 
MCS-80 sytem or from 8086 in 
MCS-86 system). 
interrupt Acknowledge (generally eds 
from 8228 in MCS-80 system, 
8086 in MCS-86 system). The 8288 
generates three distinct INTA 
pulses when a CALL is inserted, 
_ the 8086 produces two distinct 
INTA pulses during an interrupt 
cycle. 


arene 9 tren Ae A 


ABSOLUTE MAXIMUM RATINGS” 


Ambient Temperature Under Bias aati ~ 40°C to 85°C 
Storage Temperature ...........- - 65°C to + 150°C 
Voltage On Any Pin | 

With Respect to Ground ........... -~0.5V to +7V 
Power Dissipation .............--0 ee eee eee 1 Wait 


D.C. vedaguintecl ns daualante 


Do-7 WO 11-4 


IRo.7 ' 


co-C2 


INTA 1 26 


o 
mi 
zi 


pombol [Parameter 
Vien ; _-_ Input Low Voltage _ caer 
Vin input High Voltage 


—~— emai me oe soe am 


Me) 


vO 


“COMMENT 


27 


17 


12 


13 
15 


16 


ra : 


Vow x _ Output. Low Voltage 
Von Output t High V Voltage 
interrupt Output Hi h 
Vorunt) Voltage e : 
hh | input toad Current ft 
ho __ | Output'Leakage Current: | te | 
JLon ig _ Output L Leakage Current ae 
‘ce : Veco Supply | Current anes 


HIB 192 B259A (CONTINUED) 


Chip Seiect: RD and WR are en- 
abled by Chip Select, whereas In- 
terrupt Acknowledge is inde- 
pendent of Chip Select. 


Usually the least significant bit of 
the microprocessor address out- 
put. When AO=1 the Interrupt 


Mask Register can be loaded or 
read. When AQ=0 the 8259A 


mode can be programmed or its 
status can be read. CS is active 
LOW. 


Goes directly to the micro- 
processor interrrupt input. This 
output will have high Vow to 
match the 8080 3.3V Vj4. INT is 
active HIGH. 


Three cascade tines, outputs in 
master mode and inputs in slave 
mode. The master issues the 


" pinary code of the acknowledged 


intezrupt level on these lines. 


_€ach slave compares this code 
- with its own. - 


SPIEN is a dual function pin. In 
~ the buffered mode SP/EN is used 


to enable bus transceivers (EN). In 
the non-buffered mode SPi 
determines it this 8 8259A is a mas- 


_ ter or a slave. If SP = 1 the 8259A 


is master, SP = O indicates a slave. 


Stresses above those listed under “Absolute Maximum Ratings” may: 
cause permanent damage to the device. This 1s a Stress rating only and 
functional operation of the device af these of any other conditions above 
thdse indicated in ihe operational sections of this specification 13 not 
implied. 


| Test Conditions 


feet ern nO ORS ne AE ROR oer met 


ee tenner mnt 1 aerenanaena weenie nemmmareens aenay 


Nou = 2. 21 mA 


ad “Vin= = = Voc. to ( 0 OV. = 
Vour=0.45V 


| Vout=Vec___ 


| Ta = 28°C; Veo= = GND = 0V 


#Y43-1012 8259A (CONTINUED) 


-8259A A.C. CHARACTERISTICS | 
T,=0°C to 70°C Voc = SV 5% (825908) Voc = 5V + 10% (8259A) 
| B259A'8 


TIMING REQUIREMENTS 8259A 


emacs nacneaeee caine Seen meee ees eene eee ae Tene Ree a As te Ae I eR Tm aie cae caterer em mene nee ee on ee ee ee 


Parameter 


eatin ee mG Re PNA eo ee: RL NERY 


Min. | Max. | Units | Test Conditions 


“AOICS Setup to ROJINTAY 


_aAoicS Hold z atter F  ROUINTAT 


AD Pulse | se Width 


_AOICS Setup | uptoWRs | 50 _ 
~_AOCS, Hold after WR ey eee 


TWLWH WRF Pulse Width Leads a enaieetias = sineetses 
_TOVWH _Data Setup | to WAT lle tetetestetttee Sac tn Sian enece aes 
TWHOX Data | Hold alter V Wat 


een ee: oe een et oth aR ae ae en OR eS 


TJLJH | _ Interrupt Request Width (Low) "See Note 1 ee 
Cascade Setup to Second or Third 
TCVIAH 
coos oof INTAL {Stave Only) rere rene concen ae pigs aes 
TRHAL | End ot R RD to Next Command _ oat, 1 


Lie ee eam ane aan antennae A mt annem: (Mente 


qrreret ertmnepmoninnn ten nirm entities set tm me het ne cama 


Note: 1. This is the tow time required to clear the input jatch in the edge inggered mode 


TIMING RESPONSES | B259A- 8 8259A 

“Symbol | Parameter S*d'«Cin. | Ma “T"Units| Test Conditions 

_TALOV | Data Valid trom F ROMINTAY “Cof Data Bus = 100 pF 
TRHDZ “Data Float after | ot ADIINTAT eats C of Data Bus 

“TJHIH “Interrupt ‘Output | Delay eet Max. test C = 100 pF 


Min. test C = 15 pF 
Cw = 100 pF 
Coascane = 100 pF 


Cascade Valid from First INTAL 
(Master ¢ Only) 2 


"Enable inactive { from. n ADT or AINTAt 
Data. Valid t trom St Sar Address 


fercen Permveemmtmnse tens wun seman nine 0 satnmeet ire 945 kam etiam pret Re RE 


CAPACITANCE 


emer emen ee ace womens: ee eines nes ns nengine = sega means orammenie eat 96 Arama emaetmonntnte sh Can i ee a AR PRR RRO 


"Parameter a 
__Input ¢ Capacitance 3 


seeameete a ete sone mt 


_WO Capacitance 


input Waveforms for A.C. Tests 


2.4 


2.2 
Pad 
rs TEST POINTS < 
a ~ ie 


0.45 


.- pO PRI a : _ rs sar ea: 


 .QATa GUS 


- READ/INTA MODE 


o——— 


INTA SEQUENCE 


a ne IIA ot 4 


COGTR interrupt Bulpul mes soon 6H Ot eget ont (0ONG Gage Of Nias eta 
D 6CH anes Syrians vey 
T Crite to C0 OD Byete M8 Ine Dore Bid 8 Mul A iee 
— 


#443-1912 8259A (CONTINUED) 


BUFFER GATE WITH OPEN-COLLECTOR OUTPUTS 


Ee 
 SSIGATE ... LOGIC AND PIN ASSIGNMENTS (TOP VIEW) 


HEX BUFFERS/DRIVERS 
WITH OPEN-COLLECTOR 
-_ HIGH-VOLTAGE OUTPUTS | 


" . positive logic: 
VvuA : 


SN5407/SN7407(J, N, W) 


oy, ACCImAy. 
_.| Average per gate 


(50% duty cycte) 


he recommended operating ranges 
=5V,Ta=25C. 


4 Maximum values of I¢c shown are over ¢ 
_ ef Voc and Ta; typical values are at Vec 


schematics (each gate) noe 


Vec 


INPUT 
ee OUTPUT 


GND 


Resistor vaiues shown are nominal and in ohms, 


| switching characteristics, Vcc =5 V, TA = 25 C 


tpi (ns) tex (ns) 
Test. ig. Propagation. delay time, Propagation delay time, | 
CONDITIONS* tow-to-high-level Output high-to-low-level output 1 20 


MIN. TYP MAX 


#443-1020 7407 


* . 


———- Pigade' 2% Me ees Se bo we | ee eens , Cate Ne eae | ee eee Olek eee 


recommended operating conditions 


74 Family 4.75 § 5.25 


Supply voltage, Voc. 


High-level! output voltage, VOH 


a 
i aS 


0 70 


Low-level output current, for 


Operating free-air temperature, Ta 


electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 3 ? os 


TEST 
PARAMETER os 
FIGURE 


ve High-ievel 
input voltage 
Vit Lovlevel 

- input voltage - 


High-level 
Output current 
| Vec= MIN, Vy 4 


to. = 16mMA 
- Low-level Ob 


output voltage 


Input current at 
maximum input volt 
High-level - 
input current 
Low-level 

input current 


icc | Supply current iw 


TEor conditions shown as MIN or MAX, use the approoriate value specified under recommended operating conditions. 
$1}, = -12 mA for SN54'/SN74’ and -18 mA tor SN54LS'/SN74LS'. : 
©The input voltage is Vipg = 2 Vor Vit = Vit max, as appropriate. 
_ *The input clamp voltage specification is effective for Series 54/74 parts date. coded 7332. ar higher. 


JoRN PACKAGE 
POSITIVE Locic: Y=ABC 
Nec 1C OY 3C 3B 3A BY 


a TRIPLE S-INPUT A NAND GATES 
| i ADY ) xine -ISOLATED, TON- | 
| TTKY TTL ‘PROC SS 


= FUNCTIONALLY AND PIN-FoR- PIN 
COMPA ATEBLE WITH Te COUNTERPART 


* —[MPROVED AC. PERFORMANCE over LS - 
COUNTERPART at ‘HALF THE POWER 


* SWITCHING SPECIFICATIONS at 50 pF 

* IMPROVED INPUT THRESHOLD VOLTAGE 

* IMPROVED LINE RECEIVING CHARACTER- 
LPPRVED LINE RECEIVING CHARA 


IA 1B 2A 2B n un 


THIS ADVANCED LOW-POWER SCHOTTKY DEVICE HAS BEEN FABRICATED BY AN ADVANCED OX1DE- 
ISOLATED, ION-IMPLANTED ScHoTTky TIL Process DEVELOPED BY TI. THE 
OF THIS PROCESS IS THE IMPROVEMENT OF THE SPEED-POWER PRODUCT BY THE REDUCTION 
OF PARASITIC AND SIDE-WALL CAPACITANCE AND ENHANCED Fy- THe ALS FAMILY FEATURE 
THE SAME OUTPUT DRIVE CHARACTERISTICS AS THE. Us FAMILY. Cee 


SO ICHING CHARACTERISTICS OVER RECOMMENDED if vas »Vcc= ly. SV To.5. SV, arse OHMS , 
DPF (UNLESS OTHE ED FER To RCU 


AENDED OPERATING FREE AIR 


UPPLY CURRENT OVER RECOF 7 Note) 
____ PARA See TE NUTT TONS MIN P_ MAX [UNIT 
: My LN 


PERATURE RANGE (See No 


JccH SUPPLY CURRENT, OUTPUTS HIGH 
| UPPLY CURRENT, QUTPUTS LOW =| 
Note: YPICAL VALUES ARE AT Vcc = 5V, TA 


#443-1947 74ALS19 


Seely VOLTAGE, Vec( See Note 1) | — : | ON 
Input VOLTAGE, Vi: ALL INPUTS | . | ; 7V 

~ -¥/0 PORTS — -§.5V 

Ocr STATE(HIGH-LEVEL)- ‘VOLTAGE APLLIED TO. OPEN-COLLECTOR: OUTPUTS | 7 | WN 
HIGH"LEVEL VOLTAGE APPLIED TO 3-STATE | OUTPUTS | | 
| ING FREE-AIR TEMPERATURE RANGE : Si Sees 


5 SY 
“55°C to 125°C 
0°C to 70° 


STORAGE 7 TEMPERATURE RANGE 68°C TO “150°C 


NoTE: .c VoL TAGE VALUES ARE WITH RESPECT To NETWORK GROUND TERMINAL + wae og 


PARAMETER to | ULTPL QUIPUT “OUTPUT sate 
Se ee i IN MIN NOM MAX | MIN NOM MAX UNIT 
Poppa HBO | Re 


SUPPLY VOLTAGE 


4 GH" VEL ‘OUTPUT ¢ CURR NT, Jon it 
GHTL EVEL OUTPUT a) TAGE 


OWNLEVEL 01 yrPUT JRRE ENT AL See fee REL. i/ 48 
: oe — rs Se SF a : 
ERAT! RI Ta ES 1 ad 
“COLLECTOR OUTPUTS. 

LECTOR OUTPUTS- 


| OP RAT NG FRE 


=A RIE 


OUTPUT OUTPUT | BuTPUT a 
ie Typ! MAXIMIN TYPT MAX MIN aver MAX UN if 


Vou Wiemieve: OUTPUT 


vc TAGE ( ¢) ____jlow bE SET Ey ee es 
OH HIGH"LEVEL OUTPUT etree i ER Oa a x ecaage 
__ CURRENT (S 3 oT ) iVec=MIN VOH=MAX 0.) ate ie: O.]/ mA 
VOL | | Pin wee ee i ERNE A Oui VI 
OW-LEVEL OUTPUT voLTAGE_| Jo =MAX ALS Vecs4e/oV | 0-55 0.5) 0.55 045) 0.35 OST VT 
iil NPUT SURREN) a MAXI- | os 
MUM INPUT VO Vcc =MAY Vi=/V (. 0.) Q.1! mA 
Hie Eve INeUT CORRENTE (VeceRAY. Vin ee: ae: Gi uA | 
OWWLEVEL INPUT CURRENT yecatee Vit=Q 4V ! 2, -0.9 | 0.2) MA | 
3 aes : =2.2V CTS SCS dz 
i10ZH OFF-STATE OUTPUT CURRENT, 


HIGH"LEVEL VOLTAGE 
(S$ 3) 


L TYPICAL NUMBERS ARE AT Vec=5V, TA=25°C. Hone Pe eee 
% THE OUTPUT CONDITIONS HAVE BEEN CHOSEN TO PRODUCE A CURRENT THAT CLOSELY APPROXIMATES ONE“HALF THE 
TRUE SHORT“CIRCUIT CURRENT, [OS- ae ee ee 


Notes 1. DoES NOT APPLY TO OPEN“COLLECTOR OUTPUTS. 
- APPLIES ONLY TO OPEN-COLLECTOR OUTPUTS; 
APPLIES ONLY TO 3-STATE OUTPUTS. 


eee La wae i. L. ae sd L. es ee Pon oof! | Ok RSS : asain ee | SA ee AS 
iets ~ TYPES SNS4ALS28A, SN74ALS28A | #445 — gue 
INSTRUMENTS QUADRUPLE 2-INPUT POSITIVE-NOR BUFFERS 7UALS28 
POST OF FICE BOX 225012 © DALLAS, TEXAS 75265 | | 
pe | 02661, APRIL 1962—REVISED DECEMBER 1983 
@ Package Options Include Both Plastic and absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Ceramic Chip Carriers in Addition to Plastic . 
and Ceramic DIPs . | Supply voltage, VCC ...-- +--+ es: cee n et eee eee wena eee enes ere ee eee ee eee TV 
| Input voltage 6.6... eee ieee ee eee reece teeta eeees ewes weer e ee eee cere en eeenes 7M 
@ Dependable Texas instruments Quality = Operating free-air temperature range: SNS4ALS28A .......- Seeat are Ge eek Aes anaes Asma ce 55 °C 10 125°C 
and Reliability SN74ALS28A .... 00.0000 0s oe ie bd tetas .0°C10 70°C 
. Storage temperature range bts ee ae Os aeigssateel ahs see eee eens re ee, a vee - 65°C to 150°C 
description | | SNS4ALS28A ... J PACKAGE oe | | 


. Le N74, woe recommended operating conditions . 7 
These devices contain four independent 2-input NOR SN74ALS282 . . . N PACKAGE | 


MaRS grrr ee 5 ee ee a ee 
The SN54ALS28A is characterized for operation Vie ~ High-level input voltage | ri is a ee ee ees Or ee 
over the full military temperature range of — 55 °C to | “Te bowievel gia vokags: TT | 

125°C. The SN74ALS28A is characterized for ion Hightevel ouput coret Sn | 
operation from O°C to 70°C. vies lon Low-level output current | en Ys YS 

FUNCTION TABLE ; electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
(each gate) | - §NS4ALS28A .. . FH PACKAGE [_suseausaea | SN7AALS20A yur 
, - SN74ALS28A .. . FN PACKAGE MIN TYPt MAX 
. 


(TOP VIEW) 


| 
o 


Ee 


7 


a ee 


9° 
Sg 
> 


ve tle | wf 4B Vec = 4.5 V, lo. = 12 i 25 
Vee = 4.5 V, lo. = 24 mA 
ho WNC = -}——-———_}—"wee = 55V, VOSS tm 
ae (eek (oa _ ee = BBV Wa27V eh SE Co aT” 
Nc [7 18 [NC co ees pA 
a a Vee O4v TO =. | ma 
2A 8 14 [| 3Y - 

AR ae ageaeeen a Vo = 2.26V 302 [30-112 |_—ma | 
Src [_tcco |. Vee=85V. = OV 172.8 [4.7 2.8 | mA 
aogda icc, Vee = BV, AV see] 8 | ma 

] TAM typicel values ere at Vcc = 6 V, Ta = 26°C. 


- . . $ The output conditions have been chosen to produce a current that closely approximates one haif of the true short-circuit output current, tos: 
NC—No internal connection Peek we eee Ss vi eva . re 
- switching characteristics (see Note 1) | 
Voc = 4.5 V to 6.5 V, 
Cy = 50 pF, | 
TO Ry, = 500 Q, 
(OUTPUT) Ta = MIN to MAX 


SN54ALS28A_s SN74ALS28A 


NOTE 1: For load circuit and voltage waveforms, see pege 1-12. 


Tex 
INSTRUMENTS. 


rost oF OFFICE 80x 228012 © DALLAS, TEXAS 75265 


TYPES SN54ALS37A, ‘SN74ALS37A 
_ QUADRUPLE 2-INPUT POSITIVE-NAND BUFFERS | 


os "Package Options Include: Both Plastic and 
_ Ceramic Chip Carriers in Addition to Plastic 
. and Ceramic DIPs 


; e Dependable Texes Instruments Quality 


 SNB4ALS37A ... J PACKAGE 
‘SN74ALS37A ...N PACKAGE 
(T oP view) 


These devices ‘contain four sndependent 2-input 
NAND butter getes. They perform the Boolean func- 
tions Y = AB orY = = A+B in positive logic. 

The SNS4ALS37A is. characterized for operation 

_ over the full military tempersture range of - 55 °C to 
125°C. The SN74ALS37A is characterized for 
operation from 0°C to 70°C. 


_ (TOP VIEW) | 
3S 

> 

2079 \ 


2 = g: 3 | 
Sor 


14 (| 38 


9 10 
> Oo 
NZ 

oO 
NC —No internal connection 


191213 
225 


‘Pin numbers shown ere for J end N packeges. 


fiagsap 


_ SNB@ALS37A...FH PACKAGE 
SN74AL837A ...FN PACKAGE — 


15 NC 


02661, APRIL 1982—REVISED DECEMBER 1983. 


absolute maximum ratings. over operating free-air temperature range (untozs otherwise noted) | 
_ Supply voltage, Vcc..... Seno a we le ead we ee ye CSS eee ae ween eee a = i fe as es 


Operating free-air temperature fange: SNS4ALS37A pe ee oe bea eldes Wiee de = 55°C tot 5°C. aie 


2 SN74ALS37A........ tae e OSS eSE A ag cag Pee bog ORC RIOTS > 
Storage temperature range. ee ee ee gph ew teen eee ees ce -=65°C10 150°C os 
recommended operating conditions | 
"SNS4ALS37A 


[MIN NOM MAX” om 


| Supply. voltage 


High-level input voltage 
____Low-level input voltage 
___High-level output current __ 

Low-level output current 
ae Doersting ses remperenre, 


; DEEAASS TA 
x1 MIN TyPT 


on eins Sr 
Vec = 4.6V to 8.6 V. 
Wee = won ee |: 


oe Vo = 2.26 ‘ 
0.86 1.6 0.86 1.6 | 
Voc = 6.8V. W= 4.80 487.8 ae 


TAU typical values are at Vcc = 6 V, Ta = 25°C. 
$ The output conditions have been chosen to produce @ current that “ney approximates one half of the true short-circuit output current, Ios. 


switching characteristics (see Note 1) 


Vcc = 4.6 V to 6.5 V, 
Cy = 50 pF, 

Ry, = 600 Q, 

Ta = MIN to MAX 


—— 


PRELIMINARY 


ADVANCED LOW-POWER = _TYPES SNSMALS74 AND SN74ALS74 


SCHOTTKY TTL 


* DUAL DIVPE pOSITIVE- EDGE- TRIGGERED a ' FUNCTIONALLY AND. PIN-FoR-PIN 
FLIP-FLOPS , OMPATIBLE with TTL COUNTERPART 


* ADVANCED OX1DE- ISOLAIED, 1ON- . ~ IMPROVED AC PERFORMANCE over LS 
~ IMPLANTED SCHOTTKY VT PROCESS COUNTERPART at HALF THE POWER 


‘ “SHITCHING SPECIFICATIONS AT 50 pF oe ® IMPROVED INPUT THTRESHOLD VOLTAGE 


2 oa a a 
wi IDL abil iia 


J on N PACKAGE 


RE OR : 
a TUF AND HOLD TIMES ARE WITH ROSpeET: 10 LOW-TO-HIGH TRANSITION OF CLOCK 
SWITCHING CHARACTERISTICS OVER RECOMMENDED Ts RANGE, Vec=4. 5 To 5° SV, A500 OHMS, 


Cu=50PF (UNLESS OTHER F NOTED - REFE PAGE 267 FOR LOAD CIRCUITS § WAVEFORMS. 
PARANE LER 
TPLH 
TPH. 
ACS77UN . VALUES “ARE AT Vcc = 5V, A= al OF = Pre RL = aaa 
PPL — vn COMMENDED OPERATING AIR. MPERATURE Seto oe 
[cc SUPPL Y_CURREN AX un o-oo 


“Note: 1YPICAL VALUES ARE AT Vcc=" 
A [cc 1S MEASURED WITH OUTPUTS OPEN. ane fh, ck, AND PRE GROUNDED, THEN WITH D), 
CK, A ‘AND CLR GROUNDED- ees 


ADVANCE INFORMATION 
This document centeins information on | 


= oo @ new product. Speciticetione are subject 
: Peas : 


#443-1951 THALSTA 


nuAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS 


STORAGE TEMPERATURE . RANGE 


becca. | eres | | EX eee tL hte Fae: : Sane ee oe 


#U3-1951 74ALS74 


ABSOLUTE MAXIMUM RATINGS OVER FREE-AJR TEMPERATURE RANGE 


SuppLy vorTace,Vcc(See Note J) | 7V 
INPUT VOLTAGE,VI: ry INPUTS 7V 

1/0 PORTS = §.5V 
OFF sietciicceeL) VOLTAGE APLLIED TO OPEN-COLLECTOR OUTPUTS IV 


HIGH"LEVEL VOLTAGE APPLIED TO 3-STATE OUTPUTS 
OPERATING FREE-AIR TEMPERATURE RANGE! seine 


-65°C to 150°C 


Note: ]. VOL TAGE VALUES ARE WITH RESPECT NETWORK GROUND TERMINAL - 


OUTPUT 


PARANETER 


, NOM MAX | MIN MAX | MIN NOM MAX UN I 
| Sa | 

SuU/7UALS | CO) 12 {| mA 
HIGH-LEveL ouTPuT cuRRENT, Jon t | /4AS* | 0-4 T= 5 | mp 


H-LEVEL OUTPUT VOLTAGE,VOH 4 2/1 oe ae rs a V 
ee 
OW-LEVEL OUTPUT CURRENT, 10 fu S® fT 24/488 | MA 
5 ee a ee 
J ep 


OPERATING FREE-AIR TEMPERATUR ee ee 


t DoES NOT APPLY TO TE OUTPUTS 
: APPLIES ONLY TO OPEN-COLLECTOR OUTPUTS- 
e 


INDICATES A DASH ONE(-]) SPEC. 
THE EXTENDED CONDITIONS APPLY IF Vee 1S MAINTAINED BETWEEN 4.75V anD 5.25V. 


Mae 


| hes 
PARAMETER =. | TEST CONDITIONS | STRUT OUTPUT | | 
: : MIN TYPT MAXIMIN TYPT MAXIMIN TyPT MAXI UNIT 
Win HicH-LEVEL INPUT VOLTAGE | s—<C;~‘“;C;~;S;SC;C:C:C—C—CCSCCCCC~d SC pdt VE 
Vin Low-tgvel input voutase [Rb fa 
Vik INPUT CLAMP VOLTAGE __—siVcc=MIN, [1=-]¢ a 7. ee. Cee 
(a NS eT 
VoH HIGHLEVEL OUTPUT GALS Vec=MINi2.5 3.4 12-4 3 Pees 
VOLTA (See Note 1) Ton=MA sm eS le V 
OH HIGH"LEVEL OUTPUT | 
CURRENT (SEE Not Vec=MIN VoH=MAX Q. 0. ane 
VOL ae EEE : V 
OW"LEVEL OUTPUT VOLTAGE | loL=MAX ALS Vec=u.75V 10-50-51 0-39 0-5) 0-55 0-5) V1 
NPUT CURRENT AT MAXI~ ee 
MUM INPUT VOLTGE (. Gj. 0 mh 
fee ee fee ee NS ee ape eae we oe 
Vec=? VL UV M 
ON el OE UE Z0 I 


0 4 =F 67 
OZH UFF-STATE OUTPUT CURRENT, | cae | 
HOH LEVER VOLTAGE . : | | 


TLL TvPICAL NUMBERS ARE AT VCC=5V,_ ae — ee ane 
4% THE OUTPUT CONDITIONS HAVE BEEN CHOSEN TO PRODUCE A CURRENT THAT CLOSELY APPROXIMATES ONE“HALF THE 
TRUE SHORT~CIRCUIT CURRENT, [0S- : | , | : 


NoTEs 1. Does NOT APPLY TO OPEN-COLLECTOR OUTPUTS- 


2. APPLIES ONLY TO OPEN-COLLECTOR OUTPUTS- 
- 3. APPLIES ONLY TO 3-STATE OUTPUTS- . 


SN74LS1G9A, SN74S168, SN74S169 


SN2SLS 68A, 


xy of Texas Instruments 


(TOP. View) : 


TYPICAL MAXIMUM TYPICAL - 
PEOPE FREQUENCY | powea | 
| COUNTING |COUNTING DISSIPATION 

uP _ DOWN | 
(38MHz [| 35MHz_ 
7OMHz | 55.MHz 


“100 mw ono 


500. mW: 


|rsteaa, ‘:st690 | 


wit sei Le 


These counters are. fully Programmable; that is, the outputs may each be preset to either level. The load input circuitry 
allows loading with the carry-enable output of cascaded counters. As loading is synchronous, setting up a low level at 
the load input disables the counter and causes the Outputs to agree with the data inputs after the next clock pulse. 


The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional 
gating. Instrumental in accomplishing this function are two count-enable inputs and a carry output. Both count enable 
inputs (P and T) must be low to count. The direction of the count is determined by the level of the up/down input. 
When the input is high, the counter counts up; when tow, it counts down. Input T is fed forward to enable the carry 
output. The carry output thus enabled will produce a low-level output pulse with a duration approximately equal to the 
high portion of the Qa output when counting up and approximately equal to the low portion of the Qa output when 
counting down. This low-level overflow. carry pulse can be used to enable successive cascaded. stages. Transitions at the 
enable P or T inputs are allowed regardless of the level of the clock input. All inputs are diode-clamped to minimize 
transmission-line effects, thereby simplifying system design. 


These counters feature a fully independent clock circuit. Changes at control inputs (enable P, enable T, load, up/down) 
that will modify the operating mode have no effect until clocking occurs. The function of the counter (whether 
enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable setup and hold times. 


The ‘LS168A and ‘LS169A are completely new designs. Compared to the original ‘LS168 and ‘LS169, they feature 


O-nanosecond minimum hold time and reduced input currents Nhe and Nie: 


#443-1054  74LS169 


TYPES SNS4LSIG8A SN54LS169A, SN5S4S168, SN54S169,_ 
NOUS 4-BIT UP/DOWN COUNTERS 


_ functional block diagram: 


_SNS4LS169A, SN74LS169A, BINARY. COUNTERS 


« i 7 
bata a 2d |) oy ermal) (ae Pe 


CLOCK 
ut t%) 
LOac 
‘ENABLE 273 | 
Sg | 
ENABLE .10; 
bd 
4 Data ry a 
a 


Hlustrated below is the following sequence: 


1, Load (preset) to binery thirteen . 
2. Count up to fourteen, fifteen (maximum), zero, one, and two 
_ 4 Count. down to one, zero (minimum), fifteen, fourteen, and thirteen 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SNE4LS160A | SN7@LSI68A_ | 
 gu7acsieoa 


SN64LS169A 


PARAMETER > 


1 Vigg ‘High-level input voltage a 
1 Vit Low-level input voltage = a 
Vix input clamp voltage Vec * MIN, y= -18 MA 


Vau High-level ! Vec* MIN, = =Vin=2V, 
J a ii ase Been ab Vie = Vie. mex, loH = 400 HA 


| Voi Low-level output voltage 


A,8,C, D, P, U/D 
ee . A,B,C, D, P, u/D 


[a.8,6,0,, ub | 
[ect 
Ptced 


los. Stort-circuit output current § Vcc * MAX | | 
icc Supply current : ——TVee= MAX, SeeNote2 


tEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tan typical values are at Veco 75. Ta” 25°C. a : 
‘Sot more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: I¢c is measured after applying a momentary 4.5 V, then ground, to the clock input with all other inputs grounded and the outputs 


. Open. 
| TEST CONDITIONS MIN TYP MAX |UNIT 


input current 
0 at maximum 
input voltage 


High-level 
input current 


Low-level 
input current 


Ne Vcc = MAX, 


switching characteristics, Vec = 5 V, Ta = 25°C 


(OUTPUT) | 


Cy = 159F, 
Ry =2k2, 
See Figures 2 and 3 


10 14 


10 14 
17 28 


Ripple 
carry 


Lee = Maximum clock frequency 
teLH.= propagation delay time, tow-to-high level output. 
pHi = propagation delay time, high-to-tow-level output. 
Propagation delay time from up/down to ripple carry must be measured with the. counter at either @ minimum or @ maximum count. As the 
.- logic level of the up/down input is changed, the ripple carry Output will follow, If the count is minimum (0), the ripple carry Output 
transition will be.in phase. If the count iq Maximurn (9 for LS 168A or 15 for 'LS169A), the ripple carry output will be out of phase. | 
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schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS © 


———- Vcc 


Vcc 120 62 NOM 


OUTPUT 


Load: Reg * 10 kQ NOM 
Data: Reg = 25 kS2 NOM 


Clock, Enable P, T, U/O: Rag = 20 2 NOM 


absolute maximum ratings over operating free-air temperature range (untess otherwise noted) 


Supply voltage, Vcc (seeNote 1). lS us, Sin forage Re ec 
deiEVOHODOS Si karte seeecdiute, We gece deter Sa, Ge wetted tits Wee ah eee Ge a 7V 
Operating free-air temperature range: SN54L.S168A, SN54LS1G9DA. .... 2... ee ee 

SN74LSI6B8A, SN74LS169A. 2. 2 2 ee 
Storage temperaturerange 2. 2 | 


0°C to 70°C 
—65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 
recommended operating conditions ops ball’ 

oe | . | SNS54LS168A SN74LS168A 

SN54LS169A SN74LS169A 

| MIN NOM MAX | MIN NOM MAX 

Supply voltage, Vcc 45 § 5514.75 6 5.25 

High-level output current, Ion P40 | 

Low-level output current, Io. Pei pec 


Clock frequency, feiock : - 


Width of clock pulse, twiclock) thigh or low) (see Figure 1) | es 
a ss Data inputsA,8,C,0 [| 20 
cr fa A OE 


¢ 
<| 2 


Setup time, tay (ese Figure 1) fe 


(tee ae 


Figure 1) 


Hold time at any input with respect to clock, th (see 
Operating free-air temperature, Ta 


J 


ee 


ee PARAMETER MEASUREMENT INFORMATION 
‘ie wee oy Same Awiclock) — 
oe oe a oss 3V 


 eLtock. — 
INPUT 


active state) Leth ig} (inactive state) 


(measure at tyez) 


} Urneasure at tae 


ee 
INPUT 


OUTPUT 
Qn 


; ~. 
. : 7 


“i Veet 


DATA INPUTS - 


A,B,C, andD — — (Diy 


——L tmeasure at tn+2) 


(PHL 
| (measure at ty+4) 


- VoH 


Qg 


i 


ENABLE P or 


ENABLE T | 


| CRE ae PHL fet tPLH 


i] 1 (measure at th+g) (measure at thea) 


“ OUTPUT. 

oak , QA 
UP/DOWN. ; 
INPUT 


| (neasure at the 10 
OF tne 16) 
™ | (See Note B) 


ra VOLTAGE WAVEFORMS ae el 
NOTES: A. The input pulses are supplied-by @.generator having the following characteristics: PRR © MHz, duty cycle = 50%, Zout = 50 2; 
for *LS16BA end “LS169A, t, < 15 ns, t¢ < 6:ns, and for S168 and ’S169, t, S2.5n8,teS2.5ns, i Ge Sasigaet 
B. For ‘LS16BA end "LS169A, Vrg¢ = 1.3 V: for S168 and ‘S169, Viggp = 1.5V. | . x OUTPUT 
| Qp 


foo thr (et Pt 
(measure at ty 4g) 


Vv ref 


FIGURE 1—PULSE WIDTHS, SETUP TIMES, HOLD TIMES 


Cs PHL 5 $f — 'PLH 


. (measure at th+19 
| OF ty+16) (See Note B) 


ENABLE T 
INPUT 


RIPPLE 
CARRY 
OUTPUT 


= ETE — en ee eee oe VOY UP-COUNT VOLTAGE WAVEFORMS 

VOLTAGE WAVEFORMS te 

NOTES: A. The input putes Is supplied by @ generator having the following characteristics: PRA < 4 Mhz, duty cycle < 60%, Zout * 80 2: NOTES: A. The input pulses are supplied by a generator having the following characteristics: PRA < 1 MHz, duty cycle © 60%, Zo, ~.50 92, 
for ’LS168A end *LS169A, t, € 16 ne, te © 6 ne; and for S168 and "S169, tr < 2.6 ns, ty © 2.5 na, for "LSTG68A and ‘'LS1694, t & 15 us, ty & 6 ns; and tor S168 and ‘S169, ty © 2.5 ne, tf S 2.5 ns. Vary PRR to Measure frrgx. 


B. teeny 8nd tery, from enadie TF input to ripple carry Output assume that the counter is et the maximum count (Qa and Qo high 8. Outputs Qo and carry are tested at t,, 446 tor the ‘LSI6BA and ‘S168, and at thy 16 for the ‘LS1694 and ‘S169, where ty, is the 
for ‘L8S16B8A and 'S168, all CO outputs high for °LS169A end S169), ae 


C. For ’LS168A and ’LS169A, Veet ™ 1.3 V; for 8168 end ’S169, Veet ™ 1.8 V. c 
DO. Propagstion deley time from up/down to ripple carry must be meesured with the counter et either a minimum or a maximum 


count. As the logic level of the up/down input fs changed, the rippte cerry output will follow. tf the count le minimum (0) the FIGURE 3—PROPAGATION DELAY TIMES FROM CLOCK 
ripple carry output transition will be in phase, If the count Is maximum (9 for "LS168A and 8168, or 15 for 'LSIG9A and 


S169) the ripple carry output will be out of phase, 
FIGURE 2—-PROPAGATION DELAY TIMES TO CARRY OUTPUT 
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bit-tiie whan all outputs are low, 
- For °LS168A and ‘LSI69A, Viet = 1.5 V: for ‘S168 and 5169, Vret = 1.5 V. 


MICROPROCESSOR DIVISION 


— PROGRAMBAMEL COMMUNICATIONS INTERFACE (EPCI) 


DESCRIPTION 

The Signetics 2661 EPC! ie a universal 
syachronous/ asynchronous date communi- 
Cations controtier chip that is an enhanced 
pin compatible version of the 2651. it inter- 
laces directly to most 8-bil microprocessors 
and may be used in a polied or interrup! 
_ driven eystem environment. The 2661 ac- 
cepte programmed instructions from the 
microprocessor while supporting many. 
aerial dete communications disciplines — 
eyachronous and asynchronous — in the full 
or halt-duptex mode. Special support tor 
BISYNC 18 provided. 


The EPC! serializes peratlel deta characters 
-geceived irom the microprocessor for trans- 

mission. Simultaneously, it can receive 
serial data and convert it into paratiel data 
characters tor input 0 the microcomputer, 


The 2061 contains ry baud rate generator 


which can be programmed to either accept 


en external. clock of to generate internal 
tranemit or receive clocks. Sixteen Gitterent 
baud rates can be selected under program 


control when operating in the mternal clock | 


mode. Each version of the EPC! (-1, -2, -3) 
hee e Gitterent set of baud rates. 


The EPCI ie constructed weing Signetice 
® -channel siticon gate depletion toad tech- 
nology and ie packaged in a 26-pin DIP. 


FEATURES 
e Synchronous operation — 7 
6 to 6-bit characters plus parity 
Single or double SYN operation Ps 
“aternat or external character 
eyachranizetion 
-. Transparent or non-treneperent mode 
Traneperent mode OLE stuffing (a) 
ena detection (Rx) 6 OU 
Automatic SYN or OLE-SYN ineertion — 
OY, OLE and DLE-BYN etripping 
Odd, even, of no parity 
Local or remote maintenance loop back 
mede 
Baud rate: dc to 1M bps (1% clock) 
© Asynchronous operation 
- 8 to 6-bit charactere plus parity 
9, 9% of 2 atop bite tranemitied 
Odd, even, of no parity : 
Parity, overrun end traming error 
bine break detection and generation 
Katee etart bit detection 
Automatic serial echo mode (echopiex) 
Locel or remote maintenance ioop beck 
mods : 
Geud rate: dc to 1M bpe (1X clock) 
dc to 62.5K bps (16K clock) 
ac to 16.625K bps (64X clock) 


#443-1061 


‘es ae | Ps * 
Courtesy of Signetics 
2661 
OTHER FEATURES PIN CONFIGURATION 


© internal or external baud rate clock 

© 3 baud rate sete (2661-1, -2, -3) 

© 16 internal rates for each set 

© Double buttered transmitter and 
receiver 

® Dynamic character length switching 

© Ful or halt duplex operation 

© Fully compatible with 2650 CPU 

e TTL compatible inputs and outputs 

® asc and TxC pins are short circuit pro 
tected 

© 3 open drain mos outputs can be wire- 

'  OfRted 

© Single SV power Gino 

© No system clock required 

© 26-pin dual in-line package 


APPLICATIONS 

e intelligent terminais 

e Network processors 

© Front end processors 

@ Remote data concentrators 


© Computer to: computer inks 


© Serial peripherals | 


° BISYNC adoorats : . 
ORDERING CODE a = 
‘COMMERCIAL RANGES 
Voc = 6V t 8%, Ta = OC to 70°C 
2601-11). 
2661-21 > See table 1 for baud rates 
m2 | 
| Plastic OP 2661- 1N 
: .: : 2661-2N See table 1 for baud rates 
. 266 1-3N 
PIN DESIGNATION | 
PIN NO. __Symaou NAME AND FUNCTION TVPE 
27.28. 1, " 
2,5-8 Dg-D7 86-bit dete bus 
21 AESET Reset” ' 
12,10 Ag-Ay internal register select lines ] 
13 Asw Read or write command 4 
Wt cE Chip enable input an | 
22 OSA Oate set ready “4 
24 OTA Deta terminal ready re) 
23 ATS Request to send oO 
17 . CYS Clear to send 4 
16 - 66 Data carner detected 4 
18 TxEMT/OSTHG | Tranemitter empty or data set change oO 
o TxC/XSYNC | Transmitter clock / external SYNC 10 
25 — FAT/BKDET | Receiver clock /break detect 10 
19 TxO. -——— |: «Teanamitier data oO 
K eer |? | Receiver date ' 
15 T.ADY Tranemitter ready re) 
_ 1a AxROV Receiver ready. re) 
- 20 BRCLK Baud rate generator clock ' 
26 . Voc +5V supply ’ 
4 GNO ' 


Ground 


2661 


Operation Control 


_ ternal sections to control the overall device 
microprocessor via the date bus and con- 
tains mode registers 1 and 2, the command 


segister addressing and protocol are pre: | 
_ sented in the EPC! ronson © section of 


eee 


Data Bus 
eurrar | 


42?.28.1.3, 
$678) 


MODE REGISTER 1 


BLOCK DIAGRAM | 

The EPCi consiete of six major sections. 
These are the tranemitter, receiver, timing, 
operation control, modem control and 
SYN/OLE control. These sections communi- 
cate with each other via an internal date bue 
and an internal control bus. The internal data 
bue interfaces to the microprocessor data 
bus vie a data bue buffer. 


Thie functional bioch stores configuration . 
and operation commands trom the CPU and 
generates appropriate signals to various in- 
operation. it contains read end write circuite. 
to permit communicetione with the 


register, and the stetus register. Details of 


thie data sheet. 


Ste CONTROL 


TAANSENTTEN 


TRANSIT DATA 
HOLDING AEGISTER 


aeceven wake 


oa . RECEIVE DATA 
MOLDING REGIOTER x 


Tebie 1 BAUD RATE GENERATOR CHARACTERISTICS: 
ane et (BRCLK = 4. 9152MHz) 


ACTUAL 
FREQUENCY 
16X CLOCK 


The ‘ePCT contains ry bane sate generator 


(BRG). which is programmable to accept ex- 


ternal tranemit of receive clocke orto divide 


an extemal clock. X10 pertorm date comment. 


sotectea for ta ‘dupiex operation. Seo Foo aoa: 


Receiver 
Thes receiver. ectapic: ‘serial data on ‘the Axo 
pin, converts this senal input to pareilel tor- 
‘mat, checks for bits or characters that are 
” ‘unique to. the communication technique and 
sends an “essembied” character to the 


Tranemitter 

The transmitter accepts paratiel data trom 

the CPU. converts it to a serial bit stream, 

inserts the appropriate charactere or bite 
(bated on the communication technique) 
0nd outpute @ composite serial stream of 

‘dete on the TxD. Ouipul pin. 


. Modem Contro! oe. 

The modem control section. provided: ‘mer- 
facing for three mput signals and (twee out- 
‘put signais used for “handshaking” end sta- 
tus indication. between ‘the. ey and a 
modem. 


SYN/DLE Control 

TWle section contains contros chcultry end 
three 86-bit regictere storing the SYN, 

SYN2, and OLE characters provided by the 
CPU. These registers are used in the @yn- 
chronous mode of operation to provide the 
characters required for Se ronaenon, & sone 
(MH end dete trenaparency. 
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‘Table 1 BAUD RATE GENERATOR Chanacrenisnics (Cont’ a) 
2065-2 (BRCLK = 4. 4.9152) 


ACTUAL 


se FREQUENCY PERCENT 
16K CLOCK | EAROR 
0. 7270KH2 0.005 


PERCENT | 


NOTE 


(On COCK 18 used in Beyachronous mode in aynctvonove made. clock multipher se 1% ead 
ORG con be weed onty tor Va 


2661 (CONTINUED) 


Table 2 CPU-RELATED SIGNALS 


| 6.7.6.6, | 
PaO | 
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; OPERATION 


The tunctional ‘operation of the 2681 is. 5 pro: 


2 grammed by @ set of Control words supplied 


Be ‘by the CPU. These control words specity — 


+6V eupply input 
ae 


A high on this input performs a master 

reset on the 2661. This signal ‘asynchro- |. 
_| Qoualy terminates any device activity and | 
| clears. the mode, command and Status reg- | 
| ietere. Tne device assumes the idie state 


and remains there until: initiatized with the 
appropriate control words. 


Address ines used to select internal EPC! | 


regisiers. 


_. | Read command when: low, write commend 
| when. high. : 
Chip enabie command. When tow, indi- 


Cates that control and data lines to the 
EPC! ase valid and that the operation 
specitied by the A/W, A, and Ag inputs 


should be petlormed. When. high. pisces 
the Serb lines in the three-state condi | 
= e- it, three. -state data bus used to-transter 
| commanas, data and status between EPC! 


end the CPU. Og 1s the least significant bil; 


| 07 the most significant bit. 


‘This Output 16 the complement of statue 
tegisier bit SRO. When tow, it indicates | 


that the tranamit data holding segister 
(THR) i@ ready to accept a data character 
trom the CPU. it goes high when the deta 
character ia toaded. This output is valid 


only when the transmitter is enebied. tt is 
an open drain outpul which can be used as 


@n interrupt to the CPU. 
This output te the complement of status 


register bit SRI. When iow, it indicates | 


that the receive data holding register 
(RHA) nas a character ready tor input to 


| the CPU. it goes high wnen the RHA 10 read 
“by the CPU, and aiso when the receiver is 
Gieabied. It is an open drain output which 


Can be used as an interrupt to the CPU. 


Thie output is the complement of status 
segisier bit SR2. When iow, it indicates 
that the tranemittes hae completed serial: 
ization of the jest character loaded by ihe 
CPU, oF that @ change of state of the OSA 
or inputs has occurred. This output 


goes high when the status register is read | 


by the CPU, it the TaEMT condition does 
not extet. Otherwise, the THR muat be 
loaded by the CPU tor thie line to go high. tt 
18 @N OPEN drain output which can be used 
6 @f interrupt to the CPU. 


‘| items such as: ‘synchronous oF asynchronove: a 
Mode, baud-rate, number of bits per charac- — 
ter, etc. The programming procedure. ie de- - 


scribed in the EPC! programming section of _ 
the data sheet. St 


Alter programming, the EPCii ie teady to per- ie 
form the deswod. communications. functions. 
" The receiver periorme serial to paratiel: con; _ 
| version Of data received trom a modem or — 
- - @quivaient device. The tranemutter converte 

‘parallel data received from the CPU to. a 
- -werial bit stream. These actions are accom: | 
plished within the tramework ener hy 
the Control words. 


| Receiver. 


The 2681 ie conditioned to receive date 


“when the DTD input is low and the RaEN bit 


in the command regisies ia true. in the asyn- 
chronous mode, the receiver oaks for a high. 
10 low (mark to apece) transition of the ster 


"bit on the AxD input line i @ transition ie 
' detected, the state of the RxD line is sam- 
pled again after a delay of one-nail of @ bit. 


time. It RxD ie now high, the search for a 
valid start bit ia begun egain. if RaD ie ati 
low, @ valid etart bit is aseumed and the 
receiver continues to sample the input tine. 
at one bit time intervais until the prope: num: 


' ber of deta bite, the parity bit, and one etop | 


bit have been assembied. Tie data are then 
tranaterred to the receive data holding reg: 
ister, the RaROY bit in the etetue register ie 
‘get, and the RxRDY output is eeserted. W tho 
character length te leee than 8 bits, the high © 
order unused bite in the holding register are 
eel to zero. The parity enor, framing error, 
and overrun efsor status bite are etrobed | 
mio the statue regieter on the positive going 
edge of Ax corresponding 10 the received | 
characters boundary. it the stop bit ie 
present, the receiver will immediately begin 
ite search for the next ciart bit. Hf the stop bi 
18 absent (framing error), ine receiver will 
interpreta epace as 4 siart hit if it persists 
into the next bit time interval. if a break con- 
dition je detected (RxD ie tow for the entke 
character as weil ee the stop bit), only one 
character coneieting of ali zer0e (with the 
FE statue bit SRE eet) will be traneterred to 
the holding register. The RxD input muat re- 
luin 10 @ high condition betore e search for 
the next start bit begine. 


Pin 26 can be programmed to be a break 
detect output by appropriate setting of 
MR27-MA24. Hf 60, a detected break will 
cause that pin to go high. When AxO returns 
to mark for one AaC time, pin 26 will go tow. 
Reter to the break detection timing diagram. 


 Teble 3 DEVICE-RELATED SIGNALS 


FUNCTION. 


Ciock input to the internal baud rate gener- 
ator (see table 1). Not required if external 
seceiver end tranemitter ciocks are used. 


Receiver clock. It external receiver clock 


' (@ programmed, thie input controle the rate 


"Ta /XSYNC | 


at which the character 1s to be received. 
He frequency is 1X, 16X of 64X the baud 
fate, ae programmed by mode segiater 1. 
Date ave sampied on the riaing edge of the 
clock. It internal seceiver clock is pro- 
Grammed, thie pin can be a 1X/ 16X cloch 
or a break detect oulput pin. 


- Veanemitters clock. If external tianemitie: 


clock 18 programmed, thie inpul controle 


the cate at which the character ie transmit. 


ted. Ne frequency ie 1X, 16X of 64X the 


| baud rate, ae programmed by mode regie- 


ter 1. The transmitted date changes on the 


fatting edge of the clock. If internal trane- 
“mitter clock is programmed, this. pin can 


bea 1X7 16K clock. output of an antmeat | 


jam eyachronization input. 


Seriat data input to the receiver. “Mark” is. 
‘high, “espace” ts low. wos 


a. ‘Serial data ‘output trom the iransmitter. 


“Mark” ia high, “espace” 


mark. candition when the tranemitior is die. 


abled. | 
‘General purpose input which can be used , 
for date eet ready oF ring indicator condi: | — 
tion. ite complement appears as statue | 
register bit SA7. Causes a low output on 


| CR2 of CRO = 1. # BCD goes high while | 


TxEMT, 
CR2 of CRO = 1. 
Oate carrier detect input. Must be low in 


order for the receiver to operate. ite com. 
plement appears se status register bit 


SR6. Causes a iow output on 
TxEMT/DSCHG when its state changes if 


fecewing, the RxC ie internally inhibited. 


Clear to send input. Must be tow in oder | 


tor the transmitter to operate it goes 


{ high during tranemiseion, the character in 


the tranemil ohilt register will be transmit: 
ted before termination. 


General purpose output which is. the com: |. 


| plement of command register bit CA1. Nor- 


- General purpose outpul which is ihe com: 


: - plement of command register bit CRG..Nor- | 


‘mally used to indicate request to send. if 


the tranemit. shilt register is not empty | 
| when CRE is reset (1 to 0), then ATS will 


-g0 high one TxC time after the last serial 


bit ia tranemitted. 


wore 
Teen WO dc cas sad ear coeus plamslas ean by 61: Origa boven 
epee ctrented upon eotesten of o sere puted high ot © ene PuBed tow. ee a 
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ia, low. Held in” 


ee ite atate cyenaee it 


When the EPCi 1s mitiahzed into the syacivo- 
Nous mode, the receiver twat enters the hunt 
mode on a Oto 1 transition of RAEN(CR2). in 


‘thie mode, ae data are shilted into the re- 


Ceiver shit register a bil at a lime, the con- 
tente of the register are compared to the 
contents of the SYN 1 register. if ihe two are 


not equal, the neat bil ia shifted in and the | 


comparison ie repeated. When the two reg- 
islere match, the hunt mode ia termmnated 
and character aasembly mode begins. if sin- 


gle SYN operation is programmed, the SVN 
_ DETECT otatue bit ie set If double SYN op-. 
eration ie programmed, the fiet character | 
_eesembied alter SYN1 must be SYN2 in or- 


der tor the SYN DETECT bit 10 be aet. Other- 
wise, the EPC returns to the hunt mode. 
(Note that the sequence SYN1-SYN1-SYN2 
will not achieve synchronization.) When syn- 
chronization has been achieved, the EPC! 


continues to eseembie charsactere and — 


tsaneter them to the holding register, setting 
the RaADY statue bit and asserting the 


RAaRDY output each time a character is. 


transtecred. The PE and O€ status bite are 


- S01 a8 appropriate. Further receipt of the 
appropriate SYN sequence sete the SYN 


DETECT etatue bit. if the SYN stripping 
mode is commanded, SYN cheracters are 
not transferred to the holding register. Note 


. that the SYN characters used to establish . 
initial eyachronization are not tranatested to 
. the holding register in any case. 


External jam eyachronization can be 
achieved via pin @ by appropriate setting of 


MR27-MA24. When pin @ ie an XSYNC inpul, 
the internal SYN1, SYN1-SYN2, and DLE- 
SYNt detection is disabled. Each positive 
gomg signal on XSYNC will cause the re- 


- ceiver to establish synchronization. on the 


rising edge of the next. AxC pulse. Characters 


assembly will etart with the RxD inpul.at this. 


edge. XSYNC may be lowered on the next 


: ieing edge of AxC. This external eynchroni- 


zation will cause the SYN DETECT status bit 
to be set until the status register ie read. 


- Reter to XBYNC timing diagram. 
Transmitter 


The EPCI ie conditioned to transmit date 
when the CYS mput 10 low and the TaEN 
command regisier bil 16 set. “The 266 1 indi- 


- Gates.to the CPU that it can accept a char- 
~ acter for tranemission by setting the TaROY 
maily used to indicate data terminal. ready. | 


statue bit and asserting the TxROY output. 


- When the CPU writes a character mio the 


tranemit data holding register, (heee condi- 


> tions. are negated. Date are transtessed trom | 
the holding regiater to the transmit eivit reg: 
ister when it is idle of has completed trans- 


mission of. the previous character. The 


TxROY conditions are then asserted again. 
_ Thus, one tull character time ) 04 buftering ie 


TaEMT /DSTHG 


la the asynchronous mode, the transmitter 


automatically sends a start bit followed by | 


the programmed number of date bite, the 


least signiticant bit being sent first. ‘ft thea 
appends an optional odd or even parity ‘ol 
end the programmed number of stop bite. it 

tollowing tranemiasion of the data bite, a. 
new character is not available in the trans: 
eal holding register, the TxO output remains — 
“in the mashing (high) condition and the | 
output and ite correspond- 


ing etatue bit are asserted. Tranamesion 


_feaumes when the CPU ioads & new charac: 


ter into the holding register. The transmitter 


Can be forced to oulpul @ continuous low 
(BREAK) coadition by setting the sead 


preak command bit (C3) high. 
in the synchsonous mode, when the 2661 ie 


- nitially conditioned to transmit, the TxD out- 


put semaina high and the TaRDY condition ie 
aeserted until the first character to be tsane- 
mitted (usually e SYN character) ie loaded 
by the CPU. Subsequent to this, @ continu 
Ove stream of characters is transmitted. No 


 @ntsa bite (other than parity, it commanded) 


are generated by the EPC unlese the CPU 
taiie to send a new character to the EPCI by 
the time the transmitter has completed 


' gending the previous characier. Since ayn- 


Chronous communication does not allow 
gape between characters, the EPC) asserts 
TEMT aad automatically “file” the gap by 
transmitting SYNie, SYN1I-SYN2 doublets, 
er OLE-SYN1 doublets, depending on the 
state of MA16 and MR17. Normal tranemia- 
elon of the meesage resumes when @ new 
characion ia avaiable in the tranemi data 


holding register. if the SEND DLE bit in the 
Command egietes is true, the DLE charactes — 


is automatically transmitted prior to trane- 
museian of ihe mesaage character in the 
TUR. 4 

EPC! PROGRAMMING’ : 

Prior to initiating data communications, the 


-— 20661 operational mode must be pro- 


grammed by pertorming write operations to 


the mode and command registers. in addi- 


tion, if eyachsonous operation is pro- 
grammed, the appropiate SYN/DLE regie- 


tere must be loaded. The EPCi can ba 
_ (econtigueed at any time during program ex- 


ecution. A flowchart of the intialization proc: 
one appears in figure t 
The internal registere of the EPCI are 


eccessed by appiying epecilic signals tothe 

_CE, Arw, A, and Ag inpute. The conditions = | 
neceasaty to address each register ara =} 
: chown in table 4. 


The SYNI, SYN2. end OLE registers. aa 
ecceseed by periosming write operations 
with the conditions Ay = 0. Ag = 1, and 
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Table 4 2661 REGISTER ADDRESSING 


Thiee- state data bus : 
Read receive holding regueter 
Write tranemit holding register 
Read statue regisier — 
Write SYN1/SYN2/OLE vomer 
Read mode registers 
Write mode regietere 

| Read command register — 
Write command regiater 


-==-+090000x 


_t 
eee ¢ 
0. 
GQ. 
0 
a!) 
0 
ft} 
0 


~O=20=0+0%x/ 


nOTE ; 
Gee AC cheractenatice section tor ming requirements 


2661 INITIALIZATION FLOW CHART 


ween. nase 


fi REGIOTER | 
MODE ALUISIER SD 


<> 


NOTE 

Mode register | must Be writen 

«. betose 2 can be writen. Mode sequoia: 2 
noe ont ee praey Semmes Bonney 
choche are weed. : 


MOTE 
SVN1 regicter must he written 


OVNI notere OF.6 con he erhen. 


cal 


Loan 
OVNI NEGIETAN 


@olaore SVN Gen be written. and ~~ 


i Rw. 4. The tirst operation toads the 
VN: register: ‘The next. loads the SYN2 | 


tegqueter, ‘and the thud toads the OvE fegis- 


tot. Reading of loading the mode. registers is 
done  & Gimiler manne: The frat wote (or 
ae in ceayechvoacee mode, Ma 7 end MA 16 ee- 
tect charecter (ramming of 1, 1.8, of .2 stop 
dite. (it 1X baud (ate is programmed, 1.6 
_ stop'bus Gelaults to 1 stop bite on tranamit.) 
in. ‘Byachronous - ‘mode, MA17 controle the 
number Of SYN. characters used to. establieh 


read) Operation addresees mode. fegister 1, 


end @ subsequent Operation addresses . 
mode fegister 2. it mare than. ‘the required. 
faumber of accesses are made, the internal. 
we sncer recycles ta pomt at the tirat rag- : 
tater. ‘The pomiers are reset to SYNI fey. 
ter and mode reyisier 1 by a HESET input or 


by pertorming. @ toad Command fegister op: 


< “@fanion, but are unatlectad by any other read 


Of waite operation. ; 


The 2661 segistes formats are aummanzed 
. in tables 5,6, 7 and & Mode registers | and — 


2 define the General operational character- 
istics of the EPC, while the command regie- 
ter controle the Operation within this basic 
framework. The EPC! indicates its status in 
the status registers These registers are 
Cleared when a RESET input 1a epphed. 


Mode Register 1 (MR1) 


» Table 6 illustrates Mode Register 1. Bite © 
~~ MAID and MR10 select the Communication * 


tormet and baud sate multiplier. OO epecites 
syAchvonous: mode and 1X mulupher. 1X, 


16X, and 64X multipliers are programmabie — 


tos @aynachronous tormai. However, the mul- 


_- fipler in seynchionous format applies only if 


the external Glock input option is selected 
by MARZ or MA26. 


MR13 and MR12 eciect a character length 


of 6. 6, 7 of 8 bite. The character length 
G@oee not include the parity bit, it pro- 
Qrammed, and does not inctude the start and 
stop bits m asynchronous mode. 


MR 14 Controls parity generation. If enabied, 
@ parity bit ie added to seg tsanemitted char- 


- acter and ihe receiver puriorme a parity 


check ‘on. incoming data. MRIS selects odd 


Of even parity when paray is enabled by | 
: MARIA. 


‘synchronization and tor character tit when 
_ he Uenemittor te.1dle. SYNI alone ry ube if. 


MAL? = 1, and. SYNI- SYN2 19 used when 


—MAI7 = 0. it the tranaparent Mode is spect- 
‘ted by MR16, OLE-SYN1tia used for charac- 
ter htt and SYN Getect, bul the aurmai ayn- 

chronzation ‘sequence is. used. to establish 
: character sync. When tranamuitting, a OLE . 


Character i in the tranemu holding feyiater wilt. 


Cause @ second DLE characte: to De trana- - 


mitted. This DLE atutting oliminates the sott- 
ware DLE compare and etutt on each trane- 


* parent mode data character It the aend OLE 


command (CR3) ie active when e DLE 1s, 
loaded into THR, only one additional OLE will - 


be.tranemitied. Also, DLE stripping and. OE 
oo detect twith MR 14 - hid are enabied. se 


The bits in the mode register atfecting char: 
acter assembly and disassembly (MA 12- 


MR 16) can be changed: dynamically (dung 
(OClive feceive/tranemit operation). The . 


character mode register altecte both the: 
ttansnuttes and receives: theretore in eyn- 
chronous mode, chenges etivula be made. 
Only in halt dupien mode (RxEN = 1 of. 
TaEN = 1, bul not both. ‘simultaneously = 4). 
in asynchronous mode, character changes | 
should be made when RxEN and TaEN=0 oF . 
when TxEN = | and the transmitier ss mark- 
ng in halt dupiea made (RAEN = 0). 


feceived/tranemitted character, 

~ muet be changed within n bit times of ine 

-@ctive going etete of AAADY / TARDY: Trane- | 
e parent end non-transparent mode. chanyes ._ 

(MA 16) must occur within.n- bit tumes-ofine | 

. character tobe. ettected when the rece:.er. . 
- Of transmitter 18 active. (n = emailer ol che. | 


To elfect eesembly / disassembly of the nuat 


hew.and old character ee de 


Mode Register 2 (MR2) 


Fable 6 dlustrates mode reyister 2° MR23, _ 
.MA22)MA21 and MH 26 control the ttequun- 
Cy Of the internal Daud rate generator (BH). 
— - Sinteen rates are selectable tor each Ei'Ci 
“version (— 1, -2, — 3). Version (and 2 speci- 
ty @ 4:0152 Mrz TTL input at GACLK (pin - 
20); version 3 Specihes a 6.0688 Mitz miput 
‘which is identical to the. Signetice 2651 
MA23- 20 are don't cares if externa! Clocks — 


ate selected (MR25-MA24 = 0). The inchvid- 


wal cates are given in table t. 


‘(MAR24- -MR27 select the receive and transmit a 
_ Clock source (either the BAG or an enteral | 
» dapat) and the. faction = # prea 9 end 26. Re- e 


, aaa Register (cr) 


_ Mode) on the eecond Ax€ rising eage Ove- 
- ebling the receiver. causes AxAOY to go 


high. (active). ‘Wthe tranemitter is disabled, pe ee 
tt will Complete the tranamission of the cher- |-- — 
» acter in the tranemit shit register (if any) | 
prior to terminating operation. The TaD. out- 
_. put will then remam in the marting state 


MR 12-15 — 


. 10: ‘* Locel toop beck. 


Table @_ MODE REGISTER 2 (MA2) 


Tx AC Pin Pin 26 Tac RC OP 


ae a E Ta AxC RxC/ TxC 
0001 Eo TaG AX  BKDET 
00I05— Fa XSYNC! Rec sync rat 
oom Ct ‘ WO a 1X BKDET eaync =| Ses baud rates in table 1 
0100, EE  € TaC | Aa “XSYNC! > AxG/TxC sync | fate 
owl. €E. ‘ TaC 16x Tac BKDET async 
ono... 4. oe — XSYNC' AKC ~ eynac 
| ove 4. ' 16x BKDET 
_WOTES Z ee 
i] when pin 6 18 proyremmed ae. ASYNC put SYN. Svier- ava, end O1.€- Sve detec - 
“won disebied — = 
E © Eatornel cloch 
- 1 © internal chuck (GAG) 
90 end 16% are cure Outpuls 
Table a COMMAND REGISTER (CR) . 
car ce crs cas {cra cri CRO 
. eee a . Receive Transmit | 
+ Control Date Terminal Contrat .. 
Operating Mode | . Reset Essor _ Syac/Async (RuEN) Ready (Tats) 
00 = Normal operation 0 = Face ATS 0 = Normal Async: : 
or = Aaync. a _ Gulpul digh 1 @ Reset Force breek ¢ ; 
ae Perse : _ One Cloch tune efor flags }0 = Normal. . |0@ Deabdle .| O= Force BTR [0 = Dwarie 
“echo mude ae oe atter Ta8SR- in Status register | 1 = Force break. | 1 @ Enable Outpul high . [5 = Enable 
. Sync: SvMandsor =| sennatization (FE.OF, PELE, 1 = Force OYA 
DLE atippngmudge | jw Force: ats. detect) Output low 


: [108 Remotetwoopbeack = fo 
- Tabte 7 ilustrates the ‘command register ee 

Bite CRO: (THEN) end CR2 (RKEN) enable or ee 

- Gteable the tranemitter and receiver reapec- ene 

_ tively. AO to t transition of CR2 forces CL 

e bit search (async. Made) or hunt mode (eync ee 


Table 8 8 STATUS REGISTER (sR) 


SAS 


enone mae: a etenes 


rae meres we renemeeten Bae eee mete om oe ere eee 


zi Osta Caiviar Sa 
- Oetect | 
0 = OCB yput 


co natin Ents tener ante ih ne 


ey My ‘Tt © Ovecsun 10 = Normat 0 = Recewe O = Transmit 
1 = BC input |) © Framing Error t= Panty ereur 1 = Change in holding holding 
Teble5 MODE REGISTER 1 (MR 1) ; os OSA, of BCB,or register emply register busy 


6 
18 low 
meee antennae wenn: afew aos meansesne 4 


— Wansmit ahelt t = Receive 1 = Tranemit 


Mn 17 MAIG MR 16 sett i. __MAIZ MAI2 eek Coke feyiater ia holding register holding register 
Character Mode end Baud empty has data empty 
Sync / Async Parity Type Parity Control Length Rate Factose _ 
Asyac: Stop Bit Length | . , 5 es 
00 © iavand 0 = Oad O = Disabled OO = § bita 00 = Synchronous 1X rate 1 Party wstur oF 
01 = 1 atop bit 1 = Even t = Enabiea UO! = 6 bite Ot = Asynchronous 1X rate (iE sehen 

10 = 1% atop bite . 10 = 7 bite 10 = Asynchronous 16X sate See Sonate ee AY Cc aap al svar bt 

11 © 2 stop bite ve ODN ELS Raeen onaus GAN fate (high) while TxARDY and TxEMT wil go high in asynchronous mode. setting CA3 will data holding regisie:. Since this is @ one 
Sync: (inactive). if the receiver 19 disabled, it will force and hold the TxD Output low (apacing me command, CA3 does not nave to be 
Teaneparency terminate operation immediately. Any cher, condition) at the end of the current tanemit- reset by software. CR3 should be eet whea 
Controi acter beng essembied will be neglected. A ted characters. Normal Operation resumes = entering and exiting traneparent mode end 
0 = Normal 0 to 1 tranaition of CR2 will initiate start bit «= when CR3 18 cleared. The TxD Ine will go for all OLE—non-DLE character SEQUENCES. 


ta Traneparent 


note 


ee 


OAR see nese ia tm mp © wee neste, 


Baud tate tactos m aeynununuse eppies Oftly 4 Onternal Chica 16 Soteciad ¢ ectusse ION 
(MerAal ClOCh e SBleciey Mude musi DS CeleCled (MN tI. HOR 10) me any Cone 
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search (async) of hunt mode (aync). 


Gite CA) (DTR) and CRE (ATS) control the 
BTA and ATS outputs. Data at the outpute 
ere the logical complement of the register 
data. 


high for at least one bit time betose begin- 
ang tranemisaion of the next character in 
the tranemit date holding regiates. in ayn- 
chronous mode, setting CR3 causes the 
tranemiasion of the DLE regiuter contents 
prior 10 Bending the character in the tranamit 


Setting CR4 causes the error tlage in the 
status register (SR3, SH4, and SRS) to be 
cleared. This ie a one time command. There 
1@ No Internal latch ter this bit. 


Teble® 2661 EPC! ve 2661 Pcl 


~EPcl 


_ M2 Bit 6, 7 Control pin 8, 26 
. OLE detect-SA3 
DLE-SYNC1 
. Reset of SRS, OLE 
 Getect eee ae | 
; ater? tee orCR4 = 1 
- Send OLE-CR3. 
. DLE etulting in 
ent mode . 
‘| CRI 81 
: ‘SYNCH. stripping All SYNC! 
wm double async 
Aon-taneparent 
- Baud sate 
 wereione 
. Terminate ASYNC 
tcansmmesion 
(orop Ta) 


>. Break Getect — Pn 26: 


. Stop bit searched | One Two 
. External jam eync _| Pino | No 
. Date bus timing ~—|_ Improved over 2661 _ 
13. Dae bue drwvere | Sunk 2.2mA | Sink 1.6mA 
| Source 100nA 


| Sowce 4004A 


t. tterne! BHG weed tor AAC. 
2. tnernet BAG vaes tor Fac 


| When CR6. (ATS). io eet, the ATS pin, ie 


forced tow end the tranemit eerial logic te 
enabled. A 1 ta 0 transition of CRE will cauee 
RTE to go high (mactive) one TxC time after 


the last serial bit has been tranemitted (if 


the trenemit ehitt sequeter wee not empty). 


The EPC! can operate in one of four eub- 
modes within each major mode (eyachro- 


“nous. or “@aynchronous).. The operational 


sub-mode ie determined by CA7 and CRE. 
CR7-CRE = 00 is the normal made, with the 
tranemitter and receiver operating lndepen- 
Gently in accordance with the mode and ate- 
tue segieter instructions. . 


a asynchronous mode, CR7-CR6 = 0} 
places the EPCI m ‘the automatic echo 
mode. Clocked, ‘regenerated (eceived data 
are eulomatically Guected to the TxD line 
while normal seceivers operation continues. 
The receiver muat be enabled (CA2 = 1). but 
the tranemitier need not be enabled. CPU to 
recelver communications continues normeal- 
ly, butthe CPU to transmitter link 10 dis- 
abled. Only. the tiret characters of a break 
condition is echoed. The TaD output will go 
high until the next valid ster is detected. 


The following conditions are true while ia 


evtomenic echo mode: oe 
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SA3 = 0 for OLE-DLE, 


Second character etter 
OLE, of receiver disable, 


One time command | 


Automatic OLE stutting when | 
DLE we loaded Sncaey: it. 


Reset CRE inresponse to 
TaRBY changing trom 0 to 1. 


Not used 
SRI = 1 for OLE-OLE, 
OLE-SYNC1 

Receives disable, us CR4 = 1 


Reset vie CR3 on next TxRDV 
None 


Firat SYNC 1 of paw 


One | 


goes trom 1 to 0 Then reset 
1 CR6 when TxEMT goes trom 
1 O0to1 

1 FE and aull character 


1. Date essembied by the receiver ere 
automatically placed m the tranemit hold- 


- ing segieter and retranemitied by the 


tranamuiiter on the TxD output. 
2. The tsanemitier ie clocked by the receive 
clock. | 
3. TxADY output & 1. 


4. The TrEMT/DSCHG pin will retiect only 


the data set change condition. 


6. The TxEN command (CRO) 18 sgnored. 


in synchronous mode, CR7-CRE = 01 places 
the EPCI in the automatic SYN/OLE sirip- 


‘pita mode. The exact action laken depends 
-On the setting of bita MR 17 and MR IG: 


1. in the non-transparent, single SYN mode 
(MR17-MR1IG = 10), Characters in the 
data stream matching SYN! are nol 


Wsanelersed to the receive data holding 


register (AHA). 


2. In the non-transparent, double SYN mode | 
=, (MAI7T-MRIG = 00), charactere im the. 
Gate stream maiching SYNIt, of SYN2 tf 


immediately preceded by SYN!, ere not 
transterred to ihe RHA. 

3. in transparent mode (MR 16 = 1), charac- 
tere in the data stream matching OLE, or 
SVN1 if immediately preceded by OLE, 


fe not Weneterred to the RHA. However, 
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only the firet OLE of a DLE-OLE pai ve 
stripped. 


Note that automatic tripping mode does not 
attect the setting of the DLE detect end SYN 
detect status bite (SR3 and SAR6). 


Two diagnostic sub-modes can aiso be 
contigured. in local oop beck mode (CR7- 
CRS = 10), the following loops are connect- 
ed miernatly: | 


1. The tranamitter output ia connected to 
the receiver inpul. 
2. BTR ie connected to OCD ana ATS 10 con- 
nected to CTS. 
3. The receiver ie clocked by the tranamit 
clock. 
4. era RTS and TaD outputs are hei 


8. is o ev6, . BSA and AxD inputs are 
ignored. 

Additional requirements to operate in the io- 

cal loop back mode are that CRO (TxEN), 

CR1 (OTR), and CR6 (RTS) muet be set to 1. 

CH2 (AxEN) is ignored by the EPC. 


The second diagnostic mode is the remote 


loop back mode (CR7-CRO = 11). in thie. 


mode. 


1. Date assembled by the receiver are 
automatically placed in the tranamit hold- 
ing register and retransmitted by the 
tranemitier on the TxD output. 

2. The tranemitter te clocked by the receive 

3. No data ere sent to the local CPU, but the 


error atatue conditions (PE, OE, FE) are . 


4. The AxADY, TxRDY, ana TxEMT/ OSCHG 
outputs are held hiyh. 


6. CRB (TaEN) 18 ignored. 


@. Ali other aignale operate normally. 


Statue Register 
The date Contained in the etatua register (ae 
shown in tabie 8) indicate receiver and 


tsanemittes Conditions and modem / dete set 


statue. 


SRO is the tranemitter ready (TxADY) status 
bit. it, and ite Corresponding output, ase valid 
only when the transmitters 1s enabied. it equal 
to O, it indicates that the transmit date hold-: 

ing register has been loaded by the CPU and 
the deta has not been transfered to the 
tranemil shift register. it set equal to 1, it 


indicates that the holding register 18 seady. 


to accept deta trom the CPU. Tha bit is 
initially eet when the tranemitter ie enabled: 
by CRO, untess a character nas previously 
been: loaded into the holding regieter. It 1s 
not eet when the automatic echo of remote 
toopback. modes are programmed. When 


thie 0 bit 19 cet, the TaRDY output pin 1a tow. in 


the automatic echo and remote loop back 
modes, the ouipul 1¢ held high. 


SA 1, the receiver ready (RARDY) status bit, 
indicates the Condition of the receive dala 


holding register if set, it indicates that a 


charecter hac been ioaded ito the holding 
regicies trom the receive shitt register and is 
seady to be read by the CPU. if equai to 


Zero, there is No new Character in ine hold- 


ing sogistes, Thies bit 19 cleared: when the 


CPU reads the receive date Holding register. 


orwhen the recever is dieeabled by CR2. 
When eet, the AaADY output is low. 


The TaEMT /DSCHG. bit, SH2, when wet, indi 


cates eilher a chanye of astute of the OSA or 


BCDB inpute (when CR2 of CRO © 1) oF that 
the tranamit shift register has completed 
transmission of w characte: and no new 
“character has been loaded into the (ranemil 
data holding regieter. Note that in aynchro- 
nous Mode thie bit will Oe set even though 
the appropriate “hil” character is tranamit- 
ted. TAEMT will not go active until at tenet 
one Cheractes has been transmitted. is 


ABSOLUTE MAXIMUM RATINGS! | 


On eee tern aR meme a ee ote pment ee 


PARAMETER 


On ter ener armor anes | seme ae rtirepe neceaman! 


Operating ambient temperature’ 
Stosaye temperature 


oc ELECTRICAL CHARACTERISTICS 


Low — 


Input leakage current 


Data bue high 
Date Hue iow 


Power supply current 


. All voltages with \ seapect to ground? 


3-etate Guipul leakage current 
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cleared by loading the transmit data holding 
tegieter. The OSCHG condition is enabled 


when TXEN = | of RKEN = 1. it 16 Cleared 
when the statue register ie read by the 
CPU. Ut the status register ie read twice and 
SR2 = 1 while SHO and SR7 remain un- 
changed, then @ TxEMT condition existe. 
When SA2 is eet, the TxEMT/OSCHG output 
te low. 


SA3, when bel, indicates @ feCuived parity 
etrur when parity is enabled by MA14 in 
aynchrongus transparent Mode (MEHIG = 1), 


wilh panty dheabled, dundicates thai @ char: 


acter Matching OLE teygistes; was recuwod 


- pad the praesent character is nediher SYNI 


nor OLE This tit is cleased when the neal 
characters foliowiny the above sequence is 
tuaded into RHA, when the receiver i6 dia- 
abled, or by « reset error Command, CR4. 


The overrun error status bi, SR4, indicates 
Inat the previous character loaded into the 
feceive holding register wae not sead by the 
CPU at the time a new received Characies 
wee trenelerred into it. Tre bit le cleared 


Ni tment: ne riers anne aman same 


RATING 


te 5 Mie ne = srmmpemae ne 8 8 


0 to +70 
~—65 to + 160 
~0.5 to +60 


en a men nee re enna torent Mn 


\ cconmmmenmaate stran os oy veo watemtormengneninien Sith ER - pseeenmemmnerscn 


TEST CONDITIONS 


Peete SANS kr Sa es Rg te ame ea 


TEST CONDITIONS 


a aeetie 


fc = IMHz 
Unmeasured pins tied to ground 


Ta = 0°C to +70°C, Voc = 6.0V t Sip +80 


ft eect tee ee ln A A LN TT ROSE ta 98 re etn wemeetae Ste seat 


"when the receiver is disabled of by the reset 


error commend, CR4. 


(n aaynchronous mode, bit SAS signifies that 
the received charectos wae nol (ramed by & 
stop bit, .6.. only the tiret stop bit 18 
checked. if RHA = O when SHS & 1, a Diesk 
Condition ia present. In syachronaue non- 
wansparent mode (MA16 = 0), It indicates 
teceipt of the SYN) character in single SYN 
mode of the SYN) SYN2 pau in double SYN 
Mode. le syHchsonause tansparent mode 
(MA 16 = 1), thie Dit 1a wet Upon detection of 
the imitial ayochronzing Characters (SYN1 
oc SYNT-SYN2) and, alter synchromeation 
has Deen achieved. when a DLE-SYN1 paw 
6 received The bil is sesel whun Ihe recew- 
ef ip disabled, when the resell error Com: 
Mand i given in asynchronous’ mode, of 
when the status register ie read by the CPU 
in the synchronous mode. 


SR6 and SA7 refiect the Conditions of the 
6C5 and BSA inputs reapectively. A low in- 
pul sete ite correaponding eiatus bit, and a 
high input clears it. 


eae A me He ena nem Sarre AR a 


Limits 
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“AG ELECTRICAL CHARACTERISTICS Ta". o°O mt 706, Voc = 6.0V t meee 


BACER Vel ReC cece 
— Pye contrat Hog: — 
RW control noid . 
Date setup tor wiite 
“Date hold tor write | 
_ Aa date setup 
os nda data hold <a 
Date bus Honing time for read pee of . ape oe gee a eo A g tee TRANSMIT 
CE 0: CE oolay go / oi ae oP gd . 7 re ; 
' —- : ao ates | sous ones ‘a |" 11 8 On 60 coace pianos, ‘a 
Nn or at 


. Baud sate high (2661- “1, 2) 
Baud rate high (268 1-3) . 
Baud rate low (266 1-1,-2) Pe Re tise Ook Oe ie nk fee, See 
ay rate low (2001-3) : ees or ee Cee bce ae (Ousruty Satta; 

| Tit of Fix tow 


TaD. delny Sam tating | is | a a tae 
Skew between TxD changing and ; a | abt aut: oe ee READ AND WRITE 
fatting edge of TxC output * . fo. i . . 


ge a eee 


fee qa 


ot f=— acs. 


eores 

6. Swresces above incee beled under Absolute Menimum Relags may Ceuse permanent 
Gamage to he device This 1s @ et:ene rating Only and tunctiORal Operation of ihe device 
00 eee OF Bi any Cthes CundiuoR above those indicated m the operation section of time 
epecihcation 1e acl mphed é 

2. For operating 01 etevaieu somperaiuies, the dewce must Be Gorsted based on ¢ 160°C 
SARUM PERCHOR lompersiure and thermal seeieteace of 60°C / W jwaction to eminent 
UQ coramc pecnege) 

3. Tue product mciudes cucunry epeciiceally deamned fer the protection Of we internal 
Guviecs Wom Me demegny eltecia of exceneive stalks Che:ge Nonetheless. 4 0 
Gugeesiod thet conventional precautions be taken to avoid applying any voltages 
targer thea the :eled manuma. 

4. Parameters a0 vale over OPO! BND lO@M—PSIGlwie 10AGS waiNes Oerseo epecihed 
6. All vallage Meceuemente ose (eter enced to ground. Ad tune Maseweomente ofe 01 the 

"EO towel for impute (except iggy, 0nd tggy) end 01 0.8V and 2.0V fur auipute. input ae 

: tewele eutng Between O 4V ead 2.4V. wah 6 wanetion time of 2006 MexumuM. : 
©. Typist values ese at +26°C. typical supply valtages and typical processing perom: aus |) Bud FLOATING 


edd 

7. VaNBV, AaRDY one Ti€UT / GEC outpute ase open drain 

6. Peramete: apphes when meine Wanemuio: cleca 1s ueed. 

6. Under test conamone of 6 0808 Nt iggy, (2001 2) and 4.0162 0002 tang (286!-1, 2), 
Sarin O96 tary, monoured Of Vgy ond Vy, senpeciwaty 
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TRMNG DIAGRAMS (Cont'd) : | . _ Gog 2 nck a” | Pa aut 
TARDY, TREMT (Shown tor 6-bit characters, no parity, 2 stop bite {in asynchronous mode} )  « @aRDY (Shown lor 6b Characters, no parity, 2 stops bite [in asynchronous mode) ) 


ey ‘ : 
atap aean ryt) Aaeao AEao AEAO 
eratus status. ana 1s wet ry Aron 

wala (Data a  (ATAD (ata 


Ovennus 
Otatue ot 


R£an READ 


ann 
(ata t) (Qala) 


C = Sop ba 2 
1 OO & TaD mering Condition 7 
TaBAhT goes tow ot ine vegmang of the leet dele bi. Of, of Patty 16 enabled, at the begmnny vf the perty bu. 


Qnty one elup ba 18 Getecied ot 
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—~s 


EXTERNAL SYNCHRONIZATION WITH XSYNC 


“tes * AGING BETUP:TeMe © 300ns 
os tpg 2 RB UC OLD TRE © ONE Hat 


 SCHAMACTEN assem 


(MA CRARAE TER © STE! RO PARTY 


LOOK FOR OTAAT GIT © LOW i ReaD 1S pNGH. LOOK FOR 18QN TO LOW TRANEITION) 


| omen a | FALSE BTIAAT GIT CHECK MADE (Hab LOW) 
an Ba ese ans 5 SERIE Gh 
 $6800G 610P ant 
GE TECTED SET FE at * 
1ST QATA OT 
SAMPLED 
~ - WOTE 


@ 00 He Slap Oi (8 present, the e1en bit search 
wilh Commence wamedately 


EGG STOP Ot OR TECTED, OAT FE Gxt. 
| @ RMA, ACTIVATE ASROY: O81 OKDET PHN. 
AnD GUT - > RaSh ETE A. MARK TO OPACE TRANEITION OCCURS. 
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— APPLICATIONS. 


SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 


4UUKE 6S BUS 


COmTRa: OuU6 


DATA 6US 


SYNCHRONOUS 


OR PERIPRERAL 
DEVICE 


ASYNCHRONOUS INTERFACE TO TELEPHONE LINES SYNCHRONOUS INTERFACE TO TELEPHONE LINES 


CONTROL ous 


ten 


PHONE 

PRONE Line 

on INTERFACE 
INTERFACE 7 


TELE PRONE 
ilk 


TELEPHONE 
| Ling 
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PIN CONFIGURATION 


cs 


PIN NAMES 


CLaN COUNTER CLOCK INPU 
cS cHwSELECT = 


é COUNTER SELECT 


The intel® 6253 ie 8 programmable counteritimer chip designed for use as an inte! 
NMOG technology with « single +5V supply and is packaged in a 24-pin piastic DIP. 


BLOCK DIAGRAM 


DATA 
Bus 


; : \J counter 
BUFFER : ae 


CONTROL 
WORD | 
REGISTER 


INTERNAL BUS 


_ FUNCTIONAL DESCRIPTION. 
General , 


= Count Binary or BCD : 


» Programmable Counter Modes ® 24-Pin Dual In-Line Package 


— CLKo- 


GaTeo 


—-0uTo 


cone 
GATE 
—© OUT! 


CLK 2 
GATE 2 
ouT2 


er peripheral. it uses 


# te organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are eoft- 
programmabie. 


#4N3-1966 8253-5 


The 8253 is a programmable interval ‘timer/counter | 
specifically designed for use with the intel™ Micro- OP pote 
_ mode selection. bs 


computer systems. its function is that of a general 
Purpose, multi-timing element that can be treated as an 


array of i/O ports in the system software. > 


The 8253 solves one of the most common problems in any 


- microcomputer system, the generation of accurate time 


delays under software control. instead of setting up timing 


loops in systems software, the programmer contigures the | 
- 6253. to match his. requirements, - initializes ‘one of the 


counters of the 8253 with the desired quantity, then upon 


“command the 8253 will count.out the delay and interrupt 


the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 


delays can easily be maintained by assignment of priority 


levels. 


Other counter/timer functions that are non-delay in 
“nature but also common to most ‘microcomputers can be 
_ implemented with the 6253. ne ee pastloey Pcs = 
_@ Programmable Rate Generator 
 .@ Event Counter | 
_-@ Binary Rate Multiplier 

.-@ Real Time Clock 


© Digital One-Shot _ 


_ © Complex Motor Controller 
‘Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is used to intertace 
‘the 6253 to the system data bus. Data is transmitted or 


received by the buffer upon execution of INputor OUTput 
CPU instructions. The Data Bus Buffer has three basic 
functions. 7 | oo 

1. Programming the MODES of the 8253. . 

2. Loading the count registers. 

3. Reading the count values. | 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 


operation. it is enabled or disabled by CS so that no 


Operation can occur to change the function unless the 
device has been selected by the system logic. 


RD (Read) | 
A “tow” on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 

A “low” on this input informs the 6253 that the CPU is 


outputting data in the form of mode information or loading 
counters. 


"These inputs are normally connected to the address bus. 


Their function is to select one of the three counters to be — 
“operated on.and to address the control word register for 


CS (Chip Select) _ ee ea 
‘A “low” on this input enables the 8253. No reading or _ 
writing will occur unless the device is selected. The cS 
input has no effect upon the actual operation of the 
counters. a ae ae a |, se ee 


DATA 
eus 


. J COUNTER | 
| @UFFER | 


£0 


ciK 2 


CONTROL 
“WORD. 
REGISTER. 


\f COUNTER oo tha 
22 ~— GATE 2 


—~ OUT 2 


“INTERNAL 8US 


Figure 1. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 


Ee 


Load Counter No. 0 

| Weite Mode Word 

| Read Counter No. 1_ 
. Read Counter No. 2 

_{_No-Operation 3-State 
| Disable 3-State 

| No-Operation 3-State 


\ : 1 ! y 


8253 READ/WRITE PROCEDURE 
Write Operations 


The systems software must program each counteral the 
8253 with the mode and quantity desired. The program- 
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 


’ The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 


have to be first or counter #2 iast. Each counter’s MODE . 


contro! word register has a separate address so that its 
loading is completely sequence independent. (SCO, Sct) 


The loading of the Count Register with. the actual count 
value, however, must be done in exactly the sequence 


‘programmed in the MODE control word (RLO, RL1). This | 
loading of the counter's count register is still sequence | 
independent like the MODE control word. loading, but . 
when a selected count register is to be loaded it must be | 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL1). The one or two bytes to. 
be loaded in the count register do not have to follow the | 
associated MODE control word. They can be programmed | 


at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 


All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 


- Loading ; all zeroes into a count register will result in the © 


maximum count (2"° for Binary or 10* for BCD). in MODE 0 


the new count will not restart until the load has been ~ 
completed. it will accept one of two bytes depending on. 
how the MODE control words (RLO, RL1) are program- 2 


med. hen proceed with the restart ‘operation. 
; MODE Control Word 
‘Counter a 


Count Register byte - — 
Counten | 


Count Register byte _ 
Countern 


Note: Format shown isa simple example of loading the 8263 end 
Hoss not inely that it is the onty format that can be used. 


riowe 6 6. Programming rcomet 


MODE Control Word 
Counter 0 


MODE Control Word 
Counter 1 


‘MODE Control Word 
-  Counter2 
Count Register Byte 
Counter 1 


LSB 7 


Count Register Byte 
Counter 1 


Count Register Byte 
Counter2 


Count Register Byte 
CounterO _ 


Count Register Byte 
Counter 0 


‘LSB 


| msB 


Note: The exclusive addresses of each counter’s count register make 
the task of programming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fully utilized. 


| Read Operations 


in most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 6253 contains logic that will allow 


the programmer to easily read the contents of any of the 


three counters without disturbing the actual count in 


‘progress. 
There are two methods that the programmer can use to 


read the value of the counters. The first method involves 
the use of simple VO read operations of the selected 
counter. By controlling the AO, A1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO. 
A1-11). The only requirement with this method is that in 
order to assure astabie count reading the actual operation 


of the selected counter must be inhibited either by | 
- controlling the Gate input or by r by external logic that inhibits — 
the clock input. The contents of the counter selected will 
~ be available as follows: 


_ first 1/0 Read contains the least significant byte (LSB). 
second I/O Read contains the most sone pyle 


(MSB). 


Due to the internal logic ot the 8253 it is absolutely 
necessary to complete the entire reading procedure. Iftwo 
bytes are programmed to be read then two bytes must be 
read before any loading wR command: can be sent te the s 


same Counce Pa 
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Read Operation Chart 


Reading While Counting 
in order tor the programmer to read the contents of any 
counter without effecting or disturbing the counting 


Operation the 8253 has special internal logic that can be 


accessed using simpie WR commands to the MODE 
register. Basically, when the programmer wishes to read. 
the contents of a selected counter “on the fly” he loads the 
MODE register with a special code which latches the 


present count value into a storage register so that its 


contents contain an accurate. stable quantity. The 
programmer then issues a normal read Command to the 
selected counter and the contents of the Blalched Register 1S 
available. 


MODE Register tor Latching Count 
AO, A1 = 11 . 


SC1, SCO — specify counter to be latched. 
DS. 04 


— 00 sig seus COUNIEE Hate Ding Lsubeeaulen 
X  — don'tcare 


The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory 
to complete the entire read operation as programmed. 
This command has no effect on the counter's mode. 


* 1. 5MH2 
—— 
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Sif an 6085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less. 


Figure 8. MCS-66™ Clock interface? 


3SOLU" e MAXIMUM RATINGS* 


“COMMENT: Stresses above those listed under “Absolute __ 


~- Maximum Ratings” may cause permanent damage to the 


. Ambient temperaiuie: Under Bias 
Storage Temperature 
arn On A ny Pin 


O° Cto 70°C 
—65° c to +150°C 


1 Watt 


e * ; Saou Low Voltage _ ee 


| Output High Voltage 
| Output Float Leakage 
5 Vcc Supply. Current 
Note 1: tou * 2.2mA. Note 2: lon = -400 yA. 


erence Ta 2 25°C: Voc = GND = OV 


: PARAMETER 
Address Stable BeforeREAD 
Address Hold Time for READ | 
READ Pulse Width az 


Recovery Time Between READ 
and oo Other Control Signal 


WRITE Pulse Width | 
‘Data Set Up Time for WRITE 
Data Hold Time for WRITE 


Recovery Time Between WRITE 
and Any Other Control Signal 


Notes: 1. AC timings measured at Voy = 2.2, VoL =0.8 
2 Cy = 150pF. 
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- ‘device: This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
- those indicated in the operational sections of this. specifi. 
Cation is not implied. Exposure to absolute maximum 
rating condi tions for ex tended | perions may affect device: 

reliability. . 


CHA nA AC EnIsTICS (Ta = 0°C to 70°C; Nec = 5V 210%) 


_UNITS | — TESTCONDITIONS __ 


a enee — 
a Note 2. 
“Vin = Vec to OV. 
| Your = Vee | to ov 


- 


Note 1: 
CLK 


GATE G 


QUTPUT 0 


Write Timing: 


Read Timing: 


~symeot | 
ie ___tewn [High gh Pulse Width 


ss tow |Low. Pulse. Width - 
tcw {Gate Width High 


eRe Ne ant nny fe 
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OATAgUS tt 


24 — 


; : E- AEE RY Sa 


, PARAMETER 
tek Iclock Period 


epeaeneranaeanent se seetrenen nate menace = Aen emewe nen corer emmmnemeer ana 


__ tee |Gate Width Low 
__‘ss Gate Set. UpT Time to CLKT 
__tGH Gate Hold Time After 1 CLKt 


__top Output | ‘Delay F From cL - 


Meneame: fsoas 


__ tons Output Delay From Gated 


Cy = 150pF. 


tenn lye 


—— fon 


err { = | or | ee t ap eee Qe eee 
TYPES SNS4ALSOOA, SN54AS00, SN74ALSO0A, SN74AS00 | | _ #43-1080 
—. QUADRUPLE 2-INPUT POSITIVE-NAND GATES — 74 ALSOO | 
| ~ | 02661, APAIL 1982—REVISED DECEMBER 1983 | 
@ Package Options Include Both Plastic and 2 | | 7 7 | | 
Ceramic Chip Carriers in Addition to Plastic = recommended operating conditions 
and Ceramic DIPs) : : Pee a cee enmaren eee itil 
@ Dependable Texas Instruments Quality : ; | [MIN NOM” MAX | MIN NOM MAX | 
énd Reliability — | | | vee Cee EE [as 6 65] 45 5 65] v_ 
description is SNB4ALSOOA, SNE4ASO0...JPACKAGE | ViH  High-evelinputvotiage CT 
se 7 | — SN74ALSOOA, SN74AS00...NPACKAGE | ViL__Low-levelinputvotage CT BT 
These devices contain four independent 2-input ” (ror view! [Clon Fightevel output current YS YS 
NAND gates. They perform the Boolean functions , To tow-level output curent SSS ST 
Nix) DionY shrom cone bor: Ta Operating free-air temperature f=s5 ta TO 0 Tc 


The SN54ALSOOA and SN54ASO0 are character- 
. fzed for operation over the full military temperature 
_ range of - 56°C to 125°C. The SN74ALSOOA and 
SN74AS00 ere characterized for operation from 0 °C 
to 70°C. . 


electricel characteristics over recommended operating free-air temperature range (unless otherwise noted) 


; SN54ALSOOA SN74ALSO0A 
Leal caesarean MIN TYPT MAX | MIN TVP! MAX | 


__ FUNCTION TABLE (each gate) 


SNG4ALSOOA, SNG4ASOO . . . FH PACKAGE 
SN74ALSO0A, 8N74AS00 . . . FN PACKAGE 
"(TOP VIEW) 


tag 
oauo 
@2<z3os 


_ TAM typical velues are at Vcc = 6 V, Ta = 25°C. | a ae ae oe ee eee 
$ The output conditions have been chosen to produce # current that closely approximates one half of the true short-circuit output current, iog. 


switching characteristics 
Voc = 4.6 Vt06.6V, 
\ Cy = 60 pF, 
. | , «A = 6009, | 
9 10 111213 AETER | | Ty = MIN to MAX 
| NC—No intemal connection win A 
_ Pin numbers shown are for J end N packages. Ee 2 ee 8 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) a | 
- Supply voltage, Vcc saphena ea mm ATERTH x eruasa ama Oe nena Oe a Wet erate nes yh 
_ Input voltage bre Fae «ee eoeooecuv54eee beac e ee eee recent eeeenes ee | Ai jaty 2 
Operating free-air temperature range: SNS4ALSOOA ......... Peden eee e ee eeee cence es MECC ION269 
ey SN74ALSOOA..... Rat Eee ee as ee ewe O°Ctw070°C 
- Storage temperature range............- ua eae wae SINS Ve eb viel ele eee base eecens -65°Cto 150°C 


a 


T PES SRDAALSEA, SNS54AS04, SN74ALSO4A, SN74AS04 
Pa HEX INVERTERS 


02661, APRIL 1982 —REVISED DECEMBER 1983, 


"FUNCTION TABLE absolute maximum ratings over operating free-air temperature range iuntees otherwise noted) 


inthe 2% Supply voltage, Vcc... - Pearse ala wae ade Caer eee ee ee eee ween Bae Rioe's: eee Pee ee ee av 

fig MUN OURO io nce eel a Sota ob hie eos Se wiew ieee ee IN 

Operating free-air temperature range: . SNB4ALSO4A sth tig oad a carers Taiists wubcatisane 6 ore, tit ca lk -55°C to. 125°C 

soe isa - | | SN74ALSO4A eT ee Deimatine aedG Meters ena aes 0°Cto 70°C 

ee ‘The SNS4ALSO4A 1 end SNS4ASO4 ¢ are » character. | Storage temperature range... 1.6... eee cece eect eee ceneee we see. 65°C 10 160°C 

_-.- kzed-for operation over the full military temperature —eenilaemeeerrmemiy ar 
"+ gange of - 65°C to 125°C. The SN74ALSO4A end | recommended operating conditions 
ee ~ SN74AS04 are cheracterized for operation from0°C_ | Sean es ee Penne ee ee rer 
to. 70°C. . | 


High-level input voltage, 
=a lev linput volage _ : 


SNB4ALSOAA, SNB4ASO6... . J PACKAGE . | 
_ SNTGALBO4A, SNT4ASO4 . . .N-PACKAGE logic y 
| mopvews 


v | a ae TYPt 
0.25 0.4 


eee 
AN 


Pemba sow fr Joa ecm 


SNB4ALSO4A, SNE4ASO4 . . . FH PACKAGE | | "Vee = 5.6V, Vo = 2.26V 
SN74ALS04A, SN74AS04. . . FN PACKAGE eee BE : 
(TOP VIEW) 


tAll typical values are at Vcc = 6 V, Ta = 25°C. . 
+The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los: 
switching characteristics (see Note 4 ) 


Vec = 4.6 V to 6.6 V, 
Cy = 60 pF, 

AL = 6002, 

_Ta = MIN to MAX 


NOTE 1; For toad circuit and voltage waveforms, see page 1-12. 


INSTRUMENTS 3 | | 
POST OF FICE BOX. 228012 © DALLAS, TEXAS 75265 | | | | #L U5 = 1082 
| | 74ALSO4 


Supply voltage, VCC ....----: a iahdin 6 Wiis wae ie th le wey ep aN Ra S ml Aet ee te ee ee 7V 
Input voltage ........ eee c ces c ese ewacecnaseees Deo Sia CR PRE ERE RS Aer ee ee 7V 
Operating free-air temperature range: SN54ASO4 2.0... ee eee eee eee eee eee » 755°C to 125°C 
SN74ASO4... 0 eee eee e eee eeenes 0°C to 70°C 
Storage temperature range... 2. eee eee ee etree cerns sides ete eee a ee aceseretens -65°C to 150°C 


| recommended operating conditions 7 


. SNe oe 


[Yee | 5. 

[Vi Hightevelinput voltage 
—- ? 7 PB 
H es: 


{ H 
VI Low-level input voitage 
a) High-level output current 


fo “ Low-level output current 


Ta Operating free-air temperature 


“ electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


ms SN74AS04__ 


Vec = 4.5 V. . 
Vec = 4.5Vto5.5V, | 


TAN typicel values are at Voc = 5 V, Ta = 25°C. 


¢ The sutput conditions have been chosen to produce # current that closely approximates one helf of the true short-circuit output current, los: 


: switching characteristics (see Note 1) 


Vee = 4.5 V to 6.5 V, 
Cy = 50 pF, 

Ry = 6002, . 
Ta = MIN to MAX. 


:  §NB4AS04_ SN74AS04 __ 


200mW (typ.) 


.. No clock or Timing Strobe Require 


@ ABSOLUTE MAXIMUM 
Terminal Voltage ° 
Power Dissipation 
Operating Temperature __ Top 
torage Temperature | Tete 
Storage Temperature (Under Biss)| Totes | 
* With respect toGND.  °* Pulse width SOns: -3.0V 


@ TRUTH TABLE 


Note 


Not Selected 


(Power Down) 


Output Disabled i 


r=) =| st] a] 9] de] 3 


» > >. 


—HANS-1138  6264P15 


Memory Mesers 
3365 3% 


Read. Wene Control 


oe ee.” fee 


#443-11358 6264P15 (continued) 


= RECOMMENDED DC OPERATING CONDITIONS (Ta =0to +70°C) # oc AND OPERATING CHARACTERISTICS (Vcc * 5Vt10%, GND: = ov, Ts = 0 to +70°C) 


‘tem - | Symbol | Test Condition [pa for fae Unit 

Supply Voltage = Input Leakage Current | Ua VinsGNDtoVcc eae es uA 
a rae | CSi= Vin or CS2= Vitor OE Ya. § ¥0=GND 

Input Voltage “ Output Leakage Current | tot Vee , | uA 


m7 a Pulse Width Sdn: ey OV - Operating Powers Supply Current CSi= Vin, CS2= Vin, izorOmA 


Average and Current | tees | Min. cycle, duty*100%, CS1=Vaz, CS2=V iss | | = | 60 | 110 | mA 
paaNe 4 Tan | 5iVin oF C33 Vis, y0=0mA Tet [Tea 
8 CAPACITANCE (f= IMHz, T, = 25°C) Standby Power Supply Current | Isaiee | CSIZVcc-0.2V, cs22Vce -0.2V of CS2$0.2V | = [o.02| 2 | ma 
| item Test Condition | dspace | CS280.2V | | - [ooz{ 2 | mA 
“pei tipactinss [tm | tee LO evan [You | toxed.ima ; == [oa 
- “InputfOurput Capacitance | Cvo| Vuo=0V | - [ 8 [oF | Vou | fone—1.0mA jaat-j[- 
Note) This parameter is sampled and not 100% tested. © Typical limits are at Voc=S.0V, Ta®2S°C and specified loading. | eo 
nae 5. ay i |. * °° Viz mine-0.3V | 
8 AC CHARACTERISTICS (Voc = ove ite. Ta=Oto +70°C) é 
 @ AC TEST CONDITIONS — 
Input Pulse Levels: 0.8 to. 2.4V 
 fnput Rise and Fell Times: 10ns or 
Input end Output Timing Reference Level: 1.5V a ae wn -te oe 
Output Load: 1TTL Gate and cu ° pencil (including scope and jig) | : a 
@ READ CYCLE | neti ae we i foe toxed 
a ae a Tee aa. 
; nad manne | mens eer ss 
Rand Gye Time ree = fe [= [so [= 
Addvess Acces Time ee ae 
ceoervows Stet = tet te tet 
“Capa Ete Ove Vald foe f= fe [fo Pe “7 
Chip Setecionso |_cst__| uz | to | - | 10 | Pas [ - | 
Ouipatin tow 2 Tae] | - [ef - [os [= 
 Qhip Deselection to [mes |e [| 35 | o | 4 [| o | so | m 
~Guipat Had from Addreos hangs [vow [vo | - | | - | i [= [ms 
; | | NEES: L tz: and tongz are defined as the time at which the outputs achieve the Opes: circuit, condition and are not referred _ 
a . ee EEE CO OG | __ to output voltage levels, af oe 
oe ee 5 = 2A ay given sane and it condition, tHZ Max is less than ez min both for a given device andfrom ser 
443-1138 6264P15 (conti leo! "device to device vs, OQ HITACHI 


al TMM 


CS2° 


NOTE: 1) WE Is high for Read Cycle 


item — 


Chip Selection to End of Write _ 
Address Setup Time | 
Address Valid to End of Write 
Write Pulse Width 

CS1, WE 


Write to Output in High Z 


Data to Write Time Overlap 

Data Hold from Write Time | 

OE to Output in High Z 

Output Active from End of Write 


Write Recovery Time 


#443-1138 6264P15 (conTINUED) 


m AUN “ 


© HITACHI 


ANS 6264P15. (conrinueD) 


© WRITE CYCLE (1) (0€ ciock 


. Address . 


TA BEBREDREEEESEA 


Din - 


thew STITT — TT 
OS CL LLIELLLEELEITELELLLE DN te ALLO 


(sp 


we . — v Ai ABMBAVala 
» Oe — —{) x ED 572. VA 


NOTES: 1)A write occurs during the overlap of a tow CSI, a high CS2 and a low 
WE. A write me ins at the latest tsansition among CS1 going low, CS2: 
going high and going low. A write ends at the earliest transition 
among CS1 going high, CS2 going low and WE going high. twr is 
measured from the beginninng of write to the end of write. 

2) tow is measured from the later of CSI going low or CS2 going high to 
the end of write. 

3) "ag is measured from the addtess valid to the beginning of write. 

4) twr is measured from the end of write to the address change. 
'wri applies in case a write ends at. CSI or WE going high. 
SwR2 applies in case a write ends at CS2 going low. 

$) During this pesiod, I/O pins are in the output state, therefore the input 
signals of opposite phase to. the outputs must not be applied. 

6).1f CSI goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout i is in the same phase of written data of this cycle. 

8) Dout is the read data of the new address. 

9) 1f CSI is low and CS? is high dusing this period, 1/O pins are in the 
output state. Therefore, the input signals of opposite Phase to the. 
Oulputs must not be. applied to. them. 


MOTOROLA 


Product Preview 


QUAD 2-INPUT OR GATE 


The MC54/74HC32 is dentcati in “iniolt to the LS32. The device in- 
puts are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 


Low Power sConauaiplien Chavatierisuc of CMOS Devices 
Output Drive Capability: 10 LSTT. Loads Minimum 
Operating Speeds Similar to LSTTL . _ 

Wide Operating Voltage Range: 2 to 6\ Volts 

Low Input Current: 1 pA Maximum: - 

Low Quiescent Current: 20 »A Maximum (74HC Series) 
‘High Noise Immunity Characteristic of CMOS Devices 
Diode Protection on Ail Inputs 


PIN ASSIGNMENT 


(MC54/74HC32 


J SUFFIX N SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 


ORDERING INFORMATION 


54 Series: —55°C to + 125°C 
MCOAHCKXS (Ceramic Package Only) 


74 Series: ~40°C to +85°C 
MC74HCXXN (Plastic Package) 
MC74HCXXJ (Ceramic Package) 


HIGH-PERFORMANCE 
CMOS 


LOW-POWER COMPLEMENTARY MOS 
SILICON-GATE 


QUAD 2-INPUT OR GATE 


LOGIC DIAGRAM 


Vcc= Pin 14 
GND = Pin 7 


This document contains information on a product under development. Motorola reserves the 


‘fight to change or discontinue this product without notce. 


HIGH-PERFORMANCE 
LOW-POWER COMPLEMENTARY MOS 
SILICON-GATE 


‘QUAD 2-INPUT NAND GATE 
(WITH LSTTL-COMPATIBLE 
INPUTS) 


QUAD 2-INPUT NAND. GATE | 
(WITH LSTTL-COMPATIBLE INPUTS) 


The MC54/74HCT0O may be used as a level converter for interfacing 
LSTTL to High-Speed CMOS. The inputs of HCT devices are: compati- 
‘ble with both LSTTL and CMOS output voltage fevels. Therefore, no 
pullup resistors are required-at the inputs of the HCTOO when interfac- 
ing with LSTTL. 

The HCTO00 is identical in: pinout to the LSOO. 


“LOGIC DIAGRAM 


Compatible with LSTTL Outputs — “No Pullup Resistor Required ; ss PIN ASSIGNMENT 
Active Pullup on Each Device Input ? : | 

_Low Power Consumption Characteristic of CMOS Devices 

- Output Drive Capability: 10 LSTTL Loads Minimum 

. Operating Voltage Range: 4.5 to 5.5 Volts 

Low Quiescent Current Characteristic of CMOS Devices _ 

Diode Protection on All. Inputs 


Vec=Pin 14 
-GND=Pin 7 


Ths document cor:tains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 


J SUFFIX N SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 656 


ORDERING INFORMATION 


54 Series: — 55°C to + 125°C 
MCS4HCTXXJ (Ceramic Package Only) 


74 Series: - 40°C to +85°C 
MC74HCTXXN (Plastic Package) 
MC74HCTXXJ (Ceramic Package) 
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Sl SI AY Phoneme 


speech Synthesizer 


INNOVATORS IN f INTEGRATION 


Data Sheet 


DESCRIPTION ee | FEATURES 


The SSI 263A is a versatile, high-quality, phoneme- _ © Single low-power CMOS integrated circuit | 
based speech synthesizer circuit contained inasingle | e 5 Volt supply | 

monolithic CMOS integrated circuit. It is designed to e Extremely low data rate “ | 
produce an audio output of unlimited vocabulary, _ ¢ 8-bit bus compatible with seiectable handshaking 
music and sound effects at an extremely low data in- modes = eae 
put rate. ; | | _ © Non-dedicated speech, ideal for text-to-speech 


‘programming 3 | 
¢ Programmable and hard powerdownireset mode © 
¢ Switched-capacitor-filter technology ee ae 


Speech is synthesized by combining phonemes, the 
building blocks of speech, in an. appropriate sequence. 

_ The SSI 263A contains five eight-bit registers that allow 
software control of speech rate, pitch, pitch movement 
rate, amplitude, articulation rate, vocal tract filter | 
response, and phoneme selection and duration. 


OAMOO = 


 PHONEME 
CrHARAC— 


aig “ pULTERS 


vad i : _| TRANSITION 
: CONTROLLER * 
2 : INFLECTIOGN FILTER 4 
RAMPING 
} t { ra’ 
TO 
2 ry 


PHONEME 
THING 
LOG:C | 
Bn comers 5 a 
@ 
GLoTTa 
so 


DATA BUS 


Ry a : 
=o eeoisre 


¢ 
07 (17 }-o— CLOSURE 
fo RamP oa ae Ne 
ES ee oar ome ‘ TIMING - . one 
Pome (id ; _— ; m.2% “FP : F ; 
| | Loy REGISTER 0. He Sate eee 
| a: | [aera VOCAL TRACT ak, o 
| CLOCK | 6 wea ae e, o 
| ;  } CLocK | a 
TIMING : NOISE . | ; 
| LOGIE GENERATOR ; 
| nit Eomuneet anavoc crcut power evasie | ae 
. ® as : ie . . “i 2 Bs oh . - 
io © | ‘O 10) (s) aes @ ‘e) es KEY <———e CIGITAL PAT 
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XCK  Ov2 aiR TS: . TR2 OGSO 0 AGN. a a “ see 
: - 40 |—~ auaio Oui ao | : _ @ fs 
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Bots “Sooo . av z bee) aa 2 ma 
ey | ~ - ah ec 21 = AY 
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: ssi 263A Spoiatiin: Sevsrioticn 


This short description is intended to provide Sst 263A 
feature and capability information only. Refer to the 
SSI 263A USERS GUIDE for complete information on 
application and phonetic Propane ee 


The Production of Speech — : 
To produce different. speech phonemes (sounds) the. 
SSI 263A uses a model of the human vocal tract. ere 


ra the device this analog tract is modeled with five. 
a cascaded programmable low pass filter sections. The 


filter. sections are programmed internally by a digital 
as controller. Either. a glottal (pitch) ora pseudo-random 
- noise source is. used to excite the vocal tract, depen- 
ding on whether a voiced or non-voiced phoneme is. 
selected. During speech production the phonetics will 
typically last between 25 and 100 mS. - | 


The Speech Attribute Registers 


: -Speech.is produced by programming: speech attribute et 


(characteristic) data into five eight-bit registers. These 

_ internal registers allow selection of phonemes and 
speech characteristics. Refer to the Register input 

Formats for the functional allocations. oer 


Device Response to Attribute Register Data 


The SSI 263A has two general classes of attribute data: as 
- on rate is. relative i in that articulation is not affected by 


a speech rate bits R3-RO. A typical articulation register 


“control” data (speech rate, filter frequency, | "le 
articulation rate, phoneme duration, immediate inflec- 


tion setting, and inflection movement rate) and “target”. en 


data (phoneme selection, audio amplitude, and transi- 
tioned inflection). The SSI 263A responds immediately | 
_ upon loading “control” data: upon loading “target” 
data the device will begin to move towards that target 
at the prescribed transition rates. This: fully internal 
linear transitioning between target values, done: ina 
manner as is found in normal speech, is a key factor in 
reducing control data rate without pe spect 
quality. — | 


| Attribute Register Writing 
The eight bit data bus D7-D0 loads the particular” 


attribute register selected by the three bit address bus | 


RS2-RSO. To write the he data, R/W '(ReadMrite), cso 
(Chip Select 0), and Csi pins must first be in the 0,1,0 
_ State, respectively. The data is then written when at 
least one of these pins. ‘changes. State. Refer to the 
Write: Timing. Diagram. Writing i is accomplished by 

: changing preferably CSO or CSi. Following device: 
power up, nominal values. should be loaded into ies 

| attribute registers as: described below. 


Approximate Data Transfer Rate 

: For speech Production using the SSI 263A, the actual 
_ data rate depends on the amount of speech attribute 
manipulation. For example, the production of | 
monotonic speech, where phoneme and duration are 


_ the only attribute manipulations, requires a data rate 


_ Ass than 100 bits-per-second. A higher data rate. of 


. about 500 bits-per- -second i is required for high quality 


- ie 

the inflection rate of change. Bits 111, 12, 11, and 10 
always provide immediate adjustment. A typical value 
sobs es — for SReee? production is 90Hz where: 


‘speech due to the associated full attribute manipulation. 


Selectable Operation Modes. 

The state of the Duration/Phoeme Register bits DR1 
and DRO determine the operating mode of the device 
when the Control bit (CTL) is changed from a logic one 
to.a logic zero. The four modes of operation include 
choice of timing response between “frame” or 
“phoneme” timing (as explained below), transitioned or 
immediate inflection response, and Setting the AIR 
(Acknowledge/Request Not) pin active or disabled. 
Refer to the Mode Selection Chart. 


Phoneme Selection 
The SSI 263A ean produce the 64 phonemes listed on 


the Phoneme Chart. Bits P5-P0 are used for phoneme 


selection. The relative phoneme duration is set by bits 
DR1 and DRO. 


= Phoneme Articulation Adjustment 


A particular phoneme is produced by the combination 


-_of vocal- ‘tract low-pass filter settings, excitation source 
| type, and. ‘source amplitude. When a new phoneme is 
as selected, the device performs a linear transition to the 

new set of characteristics. The rate of this transition is 


controlled by the articulation setting, bits TR2-TRO. This 


setting is pias 


ee Programming Inflection (Pitch) 
| When the SS! 263A is in the mode of immediate inflec- 
| tion, bits 111-10 provide immediate adjustment with 
a se en octaves of pitch on an even tempered scale. 


1 the device in the transitioned inflection mode, bits 


16 select the target pitch and bits 15-13 determine 


XCK frequency 


8X (4096- -l) 
Us decimal equivalent of Inflection Register setting 


Inflection Frequency = 


Filter Frequency Setting 


Data bits FF7-FFO set the clock frequency ‘Gi the 
switched: -Capacitor vocal tract filters. This determines 


overall filter frequency response. Inflection pitch is not. 


affected by these bits. Typically this is set to give a 


: clock frequency of about 20KHz (see formula below). 
but may be manipulated to fine-tune speech quality or 
_to change “voice type”: bass, baritone, etc. 


_XCK frequency 

2 (256 - FF) 
FF = decimal equivalent to the Filter Frequency 
Register setting. 


Filter Frequency 


Speech Rate 
Rate of speech is controlled ‘by bits R3- RO, the Speech 


6 


1 (CONTINUED) 


Rate Register. In Frame Timing Mode new attribute 
data is requested at the end of a “frame” where: 


Frame Duration — £88 4096 X (16-R) 
Se XCK frequency 
-R = decimal equivalent of Rate Register setting 


In the Phoneme Timing Mode the frame duration is 
modified by the aig duration bits DR1 and DRO 
where: 

Phoneme Duration = (Frame Duration) X (4-D) 

D = decimal equivalent of Duration Register setting 
All internal attribute transitioning is performed relative 
to the Speech Rate Register setting. Speech rate does 
not effect inflection or filter frequency. A typical rate 


| setting is hexadecimal “A". 


Amplitude Adjustment. 


_ The overall Audio Output level is set with register bits 


A3- AO. Since each phoneme has a preset amplitude 


~ relative to other phonemes, it is not necessary to pro- 
gram the amplitude of each phoneme; however, ampli- 
tude changes may be used to enhance the speech 


quality and add emphasis. Amplitude is transitioned | 


linearly at rate dependent on the phoneme duration 
setting. A typical amplitude setting is hexadecimal"C”. 


- Control Bit and Power Down Mode 


Setting the Control bit (CTL) to a logic one puts the 


_ device into Power Down mode, a sort of “standby”. 


This bit is also set high when the PD/RST pin is 


_ brought low and also upon power up. The Power Down 
mode turns off the excitation sources and analog cir- 


cuits to reduce power consumption, but maintains the 
present register settings. Upon a Control bit logic one- 
to-zero transition, the present settings of DR1 and DRO 


determine the epetation mode as described above. 


Register Reading 
Device pin D7 becomes an » output, as the inverted state 
of A/R, when the device is put into Read (RW is a logic 


1 and the chip is selected, CS1=0, CSO =1). Refer to 


the Read Timing Diagram. The ieatetet address bits are- 


ignored. 


Time Base i 

Many different time bases may be utilized (see extéinal 
clock input specifications). It is desirable to establish a 
stable crystal controlled time base from 800 to 
1000KHz when DIV2 is set low, or twice the frequency 
when DIV2 is set high. A good time base can be easily 
accomplished with an inexpensive colorburst 3.5795 © 
MHz crystal in conjunction with a divide- -by-two circuit. | 
The actual device timing and output frequencies are 
directly related to the time base frequency used. 


Microprocessor interfacing 

Either the AJR line, or D7 as an output, are used as an 
interrupt to indicate when the duration of a frame or _ 
phoneme has been exceeded. No detectable’degrada- 
tion to speech quality results when several millisec- © 
onds occur between data request and load. 


PHONEME CHART 
Hex Code* Phoneme Symbol Example Word (or Usage) . 
00 . PA (pause) ji 
Ol, ce one MEET 
02 —— E1 BENT 
03 Y BEFORE 
04 is Yl YEAR 
05 AY | PLEASE 
~ 06 Tz | ANY 
07 SIX 
08 - A MADE 
09 Al ~ CARE 
0A EH NEST 
0B EH1 BELT 
oc AE DAD 
00 AE . AFTER, © _ 
OE AH GOT . 
OF AH1 FATHER 
10 AW OFFICE 
11 O- ~ $TORE 
12 OU] BOAT 
13 oo - LOOK 
14 18) ~ YOU 
15 1U41 —  CQOULD 
16 Uo ks TUNE — 
. ee U1 _ CARTOON | 
18 UH WONDER 
19 UH1 - LOVE — 
1A UH2 — WHAT 
18 UH3 NUT 
1C ER BIRD 
1D RR _ ROOF 
1E RD RUG ~ . 
TF R2- MUTTER (German) 
20 L a LIFT. 
21 1 PLAY 
22 LF FALL (final) 
23 WwW WATER 
24 B ___—«iBAG 
<_<. 0 PAID) eee ee 
27 e UPEN ee eh 
28 T TART 
29° | K KIT path 
2A HV. | ~ (hold vocal) — 
28 “HVC (hold vocaiclosure) 
2c - HE HEART 
2D 2 2~=—stiO RFC _ (hold fricative closure) 
7. AN (hold nasal) 
2F aa 4 ZERO te ore 
on) Seen ee ~ 0 SAME 
a a - MEASURE 
32 ~SCH ~ SHIP 
33 a F VERY 
34 F EOUR 
35 ~~ THY THERE 
36 TH WITH 
37 M . MORE, 
38 N | NINE 
- 3A OA . MARCHEN (German) 
' 38 ~ 1OH LOWE (French) _ 
| Oo U FUNF (German) 
30 oo :UH MENU (French) 
SE E2 BITTE (German) 
3F . LB . LUBE 


"Note — Hex codes shown with DRO, DAI = 0 (longest Duration) 


QP 


ce [Active | : 

lo.) .| Symbot . Level_ | cee Description ey: 

| Ao | T Analog Audio Output biased 

| @ VDD/2 requires an 

| external audio amp tor 

es | Speaker drive 
= Analog Ground 

oF _|Donotuse 

Acknowledge/Request Not 

eas open collector Output a 


also pin 17) 
Do not use 


| 
oy Register Select lap ada 
to select one of five internal | 
_RS1 and RSO. | | 
| | Register Select (See pin 6) 
| Register Select (See pin 6) 


7 | LSB of 8-bit data bus cou | 
. input only 


Data het Gap 

___| Data Input (only) 
_: Digital Ground 

__| Data Input (only) 


| 
2 
| 
| 


Register Name oo 


Duration/Phoneme (DRIP) 
hy Inflection (I) 
ie Rate/Inflection (Ril) 


XP Re Filter Frequency (F) 


OR}, DRO . Detine the phoneme seta: 

P5 Po . Address the. phoneme required. 

" 1 10. : "Define inflection target frequencies 

| and rate of change. ; 
..Define the rate or Speed of speech. 
. .Define the mode of A/R response in 
conjunction with OR1 and ORO. 


also. SASH set by PD/RST. 


— -A3-=RO . 
CTL. 


eo low requests new data (see | 


registers in conjunction with | 


see ControliArticulation/ Amplitude (CIAIA) 


PIN N ASSIGNMENT DESCRIPTIONS 


vibe Symbol} Leve __ Description | 
14 | D4 | | Data Input (only) 
415 | os [- Data Input (only) : 
16 | D6 | Data Input (only) 4 
17 | D7 | MSB of 8-bit data bus. Bi- 
| directional, inverse of pin 4 

oe oe when read is high 

| 18 |PD/RST! Low | Power Down Control input —| 


Silences audio output and - 
retains DC bias without 
disturbing register contents. 
Disables A/R output. 


High | Chip Select Input 


AY evemteecnmme, 


681 | Low | Chip Select Input 


Read/Write Control! nour 
Write is active low for load- 
ing internal registers. Readis 
active high but enables D7 
only. 


| Clock Input (=H or 2 MHz) 


High | Clock Divide by Two — used 
when external clock is ~ 
| 2 MHz 


| Positive Voltage Supply | 


Bus Input Bit Position 


T2-=TO... . Define the rate of movement of the formant. 
Position for articulation Purposes. 

. .Define the amplitude of the output audio. - 

. .Define the frequency of all vocal tract 
filters. 


A3-=—A0 . 
F7-—FO . 


ms. 


| 
| 
| 


WRITE TIMING DIAGRAM _ | READ TIMING DIAGRAM. 


1 (conv INUED) 


RSO/ASWRS2 %- 


VALID CHittj 


| 2 Si | | re ey 16S i Sade A ee, & 


*Valid data latched on first rise or fall of RAV, CSO or CS! into inactive. 


| > Timing Characteristics (Vpp = 4.5 to 5.5 Volts, TA =-40 to +85 deg. C) | 6k 28 Ja 
| a | | —_ | _ Symbol Limits | ane 
3 Min. | Max. | 


Item | 


Data Setup Time re “As. SUS. 
DataHold Time = | TH 
‘Strobe Width | | | | Tws | : 
~ = ReadWriteCycleTime |  TRW . = eet 
Rise/Fall Time | “400 | «nsec —° |. 
i _ + D7 Output Access Time s | | TACC ie i ae 
- D7 Output Hold Time . ee THR | | 180 | nsec 


nn nro og re ere eae see 


see 


Notes: * Based on color burst frequency. 
** Timing retative to deselect by either CSO, CS1, or RWW changing. 


"MODE SELECTION CHART _ 
——DR1, DRO: ‘CTL’ BIT © : Function 


"' HE HI /- HI-LO | AlRactive; phoneme timing response; transitioned inflection (most — | 
ae ee ee | commonly used mode) 7 | 3 ; 
HE LO) HI=LO | AMRacitve; phoneme timing response; immediate inflection __ 
. LO - HI | — HI=LO | AIR active; frame timing response; immediate inflection 
tO LO | HI=LO 


Disables A/R output only; does not change previous A/R response _ 


+ ABSOLUTE MAXIMUM RATINGS 


— Item | | Symbol | Limit 3 Units 
| Supply Voltage Vp Vss 702i, Vv 
i Input Voltage PING ff 0.5toVpp+05 | 

; D.C. Current atinputs NMG 1.0 MA 
| Storage Temperature | on a Tg sf = 58 to +125, —s 
Operating Temperature. TA | 40 to + 85 | 
a 00 


re ee: nen Mt 


eee, eee 


7 PD pg 0g ee EE TEE oquren « 


Electrical Characteristics Unless otherwise specified, 4.5 < VoD $5.5; —40 deg. C< TA < 85 deg. C; 


_ 1.50MHz $XCK frequency <2, OMHz, when XCK/2 = logic 1 or 
— 0.75MHz Ss XCK meaveney <= 1.0MHz, wien XCK/2 = logic 0 


SSI 265A 
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ft Conditions 


_POWER SUPPLY _ 
| Supply Current 


- -PDIRST = 1, CTL=0 
| si CTL=1- 


Supply Current | 
AUDIO OUTPUT 


| Output beve} AW phoneme 
, So RE s0Kohm to GND through 4 F cap. 


iyo Output Offset | 
Resistive Loading 
Capacitive Loading 


AC coupled tp KO to GND 
To GND to ensure Stable A ee 


_ Description ja Conditions S eee aa ~ Symbol | Min 7] | 
BUS. CONTROL INPUTS, DATA INPUTS (RSO, RS1, ‘RS2, 650, csi, Do-0 D7 PD/RST) | : 
| Input High Voltage / ee Vi he Dike | Vpp +0.3 


| input Low Voltage 


| Input Leakage Current VIN=O0toVpp 7 = - Nt 
: Input Capacitance. VIN = OTa= 25°C tee 2 CIN 
: | measured atf=1 OMHz | 
| Input Capacitance, D7 Input, | ay a ' Cin(D7) 
: input Current, D7 in ine 04to24V... INC 
TRI-State “OFF” State =| : ae 
—D70UTPUT ; ) a. 
D7 Output Low Voltage. | lLoad = 0.4 mA into Dr | ie oun ! | . 04 "voc 
{07 Output High Voltage jihad = 205 4A out of D7 ae Voui07) 1 Vpp20) ee 
AIR OUTPUT — | : — | 
| Output Low Voltage _ | 


mar 
© 
ao] 
“T! 


= IL =32 mA into AJR 
_ | Output High Leakage Current’ ‘Vout =0.0 to Vpp © | | | 
| Output Capacitance | VOut=0 VDG TAMB= 25°C. Cou ye | 15 : pF | 


f= 1.0 Mie 

DIV2 INPUT | 
Input Low Voltage | | 
| Input High Voltage _ | 


a Py “= 
OF eee ey 


4 | Input Leakage _— ; VIN =0 to Vop 


Hi43; U9] (conrinueD) 


Description 
- XCLK 
Input Low Voltage 


Input High Voltage © 


| input Current 
input Capacitance 
Duty Cycie 


AGDR. BUS 


Conditions Symbol ‘| Min. 


| VIN = 0.0 to Vop | 


_ TYPICAL MICROPROCESSOR IMPLEMENTATION 


vO PORTS 


DECODER 
ae ADOR. 
cpu (6808) 4 | eek 


ADDR. BUS 


DATA BUS - 


CONTROL BUS 


Max. 


AUDIO AMP 
(M386) 


orV 


Units. 


i | te 


D) 


| OTMF's ReceiversiFilters == 


91 (conTINU 


| $$1203 
“| $$1204 
SS13525A/B_ 


| | Speech Synthesizers 
— $SISC-01 
_| Switched Capacitor Filter Arrays 
SCAG 


OUALIN-LINEPACKAGES _ 

dimensions in inches, | 
P= Plastic ==, 
D= Cerdip 


7 No responsibility is assumed by SSi for use of this product 
__ Nor for any infringements of patents and trademarks or other 
nights of third parties resulting from its use. No license is | 


~~ Circuit Type 


__ 12V, OTMF Receiver 
______8V, DTMF Receiver 
5V, DTMF Receiver (wiearly detect) 
_ Subscriber OTMF Receiver 
Band Split Fitters 


; 1200 Baud FSK Modem 


| CMOS Semicustom SCF Array ( 6 filter sections) 
_|_ CMOS Semicustom SCF Array (12 filter sections) 


‘SSI STANDARD PRODUCTS TELECOMMUNICATIONS CIRCUITS 


“Package 


~ VOTRAX SC-02 Compatibie 


gramed under any patents. patent rights or trademarks of 
SSi. SSi reserves the right to make changes in 
Specifications at any time and without notice. 


Printed in U.S.A ata 1AEE gs 


~ 


Ena 
Ft) 
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Phonetics | . 
Every speech sound (phoneme) in any language maybe 
represented by a special symbol (phonetic symbol). These 

symbols are used in WRITING precisely the sound sequence 
(phonetic transcription) of a word according to the way it is 
pronounced. There are many different phonetic symbol sets : 
(phonetic alphabets). Each would contain a minimum number of — 
symbols to represent the basic sounds (phonemes) required to . 
pronounce any word in the language. Additional symbols are 
usually included which represent sounds with slight to great 
variations in the basic sounds (allophones). These symbols are __ 
used to assist in the transcription of words that reflect a regional, — 
dialectic, or foreign pronunciation. | | _ cae 


The process of transcribing a spoken word into its phonetic 
components begins with identifying the number of sounds in the 
word, then tagging each with a label to specify its type. 
Consonants and vowels are the most familiar labels but these may 
be broken down into subtypes (e.g., stop consonants, back 
vowels, etc.) as the need for more specificity arises. Once the” 
sounds have been identified, their symbols are selected, then 
written in sequence. The resulting transcription should allow ; 
another person to identify the pronunciation without having heard — 


the word spoken. 


Note that when using a phonetic alphabet to transcribe words into 
their sound sequences, there is not a one-to-one correspondence 


‘between the alphabet characters (orthographics) used to spell 


words and the phonetic symbols (phonetics) used to represent 
their pronunciations. For example, in the word “phones” there are 
6 letters but only 4 sounds. Conversely, the word “I” has 1 letter 

but 2 sounds. It may be of some assistance to keep a dictionary - 


handy for reference. Dictionaries use their own phonetic system to 


describe the pronunciations of every word entry. It will be 
necessary to learn at least one phonetic alphabet in order to 
engage in phonetic transcription. The SSI 263A Phonetic Alphabet 
is the referent used in this manual. However, if another system is — 
already known, it is easily translated into the referent. 


When transcribing vocabulary from orthography (standard 


alphabet spelling) to phonetics, it is common to place the phonetic 
sequence between right slash marks when the transcription —__ 
appears in running text. The word “phones,” for example, would. be 
transcribed as /F O N Z/ when using SSI 263A phonetic symbols. — 
This allows the reader easier identification of phonetic segments. 


SSI 263A Phonetic Alphabet 
The phonetic alphabet used to represent the SSI 263A phonemes 
is the SSI 263A PHONETIC ALPHABET. Refer to the Phoneme 
Chart for a complete listing of the phoneme symbols. . 


Of the 64. alphanumeric symbols in the SS! 263A Phonetic 
Alphabet, 34 represent sound BASIC to the pronunciation of 
American.English. The remaining 30 symbols fall into 2 groups: — 
the ALLOPHONE group and the NO-SOUND group. The BASIC 


sound symbols are: 


~\ AE. AH. AW.B, D, E. EH, ER, FHF, I, J, K, KV, L.M,N,NG,O, - 


QO, P, R, S, SCH, T, TH, THV,U, UH, V,W.Y,Z0 0 


"Symbols in the ALLOPHONE group represent speech sounds that 


vary in pronunciation from one of the basic sounds. They may be ) 
used in transcribing words or word segments (syllablesor = 
morphemes) whose pronunciations are not satisfied by the basic 

phonemes alone (words rooted in a foreign language, words 


adapted by a regional dialect, etc.). The ALLOPHONE symbols. 


are: 


Systems 


_. 14351 Myford Road, Tustin, California 92680 


(714) 731-7110, TWX 910-595-2809 


User's Guide 


_ Phonetic Programming Using the SSI 263A _ 


At, AEt, AH1, AY, E1, £2, EH1, HN, HV, IE, 1U,1U1,L1,LB,LF 
OU, Ri, R2, U1, UH1, UH2, UH3, YI:A, :OH, :U,:UH. 


The NO-SOUND symbols represent silent states. One of these 
symbols represents a “pause” state. It is used to separate 
phoneme sequences into phrase-like segments which assistin 
more closely imitating the natural pausing in human speech for 
breathing or for delayed emphasis. The “pause” is treated as a 
phoneme when it is selected for a transcription and will be subject 
to phoneme parameter programming. It has the ability to maintain. 
the parametric levels of duration, inflection, amplitude, etc., during 


its silence, thus audibly affecting the movement of the preceding _ 


and following phonemes. Other NO-SOUND symbols represent _ 
“hold” states. They are used in combination with BASIC - , 


phonemes or ALLOPHONEs to generate articulation variations on. 


their pronunciations. The NO-SOUND symbols are: 
HFC, HVC, PA. Wee nt. oe, ee 
Now that there is a tool to use for writing the sounds that are 


heard, the next stage is to identify the sounds that are produced 


by the SSI 263A speech synthesizer. 
SSI 263A Phoneme Review 


Thus far in this program, it has been established that: (1) spoken — 
words are made up of a series of sounds; (2) each speech sound — 


in a language may be represented by an identifying symbol; and — 
(3) the spoken word may be written according to its sound 
sequence using these special symbols. Before aword maybe 


written phonetically, however, users may wish to study further the © 


SSI 263A speech sounds. What makes one sound different from 


another and how these differences may be helpful to phonetic = 
programming will be essential information for phonetic — 
programmers. ae we, eg ae no 


The sound that is represented by each phonetic symbol in the SSI 
263A Phonetic Alphabet must be audibly learned. The easiest . 7 
way to approach this task is to start with the sounds already... 
known and associate a symbol with them. For example, from 


spelling we have already learned that vowels may be “long” or 


“short” and are often differentiated by their particular spelling. 


formats. Every time a word with a “short a” sound is heard (sat, 
fat, cat, bat, happy, pilaster, ankle, Saturday, amplify, contaminate, _ 


etc.) the symbo! /AE/ should come to mind. A “long a” sound (fate, 
state, bait, lace, maybe, stable, arrangement, etc.) is actually a 
diphthong (two sounds combined into a single unit) and may be 
represented by the symbols /AAY/. b See 


In standard orthography, there are only 5 vowel letters to 


represent 17 vowel sounds. in phonetics, each vowel sound will be 


represented by its own symbol or symbol combination... __ 


Again, from spelling, we have learned that the letter “c” may have. 
a hard sound as in “cat” or a soft sound as in “city” The hard 
sound is actually a /K/ as in “kite” and the soft sound is an /S/ as _ 
in “sing” Users must identify which sound (/K/ or /S/) is used in. 
the transcription of a “c” You will not find a symbol C ina phonetic 
alphabet. Like “C; the letters "Q” and “X" willnotbefoundin = 
phonetic alphabets. They are transcribed into the sound. tte oat 


sequences /K W/ and /K.PA S/. Refer to the Phoneme Chart : - 


during this learning period. It provides example words to describe 
the pronunciations corresponding to each symbol. - 


Users may add more words to the examples above to continue 
identifying the symbol-sound relationship for IAE/ and /A AY/. 
Follow this technique for each symbol in the alphabet. For, 
auditory verification, enter the sound that is being reviewed into 


the device. Speak aloud your example word for the SSI 263A _ 


- sound in an aterpt to match that which the synthesize is - a . 


emitting. 


Example: /E/ = “tong e” vowel sound © 
= meat, read, need, repair, before, phoneme, 
| erase, brief, people, timeliness, aia 
_feceive, catastrophe. 


- Beainple: /FL = ‘voiceless fricative” consonant 


= farm, false, aft, feet, finger, phrase, phone, F 


Africa, alphabet, cough. 


Once you have reviewed auditorily the sounds you already have 
a familiarity with from spelling, 


/K/. When or 


these sounds is entered into the SSI 263A, 


: follow it by a vowel. and listen to both i in Sequence. 


Ss | Users: who already have a : familiarity with phonetics a and ssi 263A 


so “may wish to follow the sound review procedures 
) aud orily determine the difference between two sounds 
| new ‘ones. For example, enter the /UH/ phoneme into . 
2. Then enter /UH1/, /UH2/, and /UH3/. Listen to each 


no duplicate. sounds resident on the SSI 263A chip. 


Whenever a SSI 263A sound is audited that cannot ey fondly 
| identified as to its appropriate usage, do not be concerned. The | 


review is. designed only to provide a method for establishing an | 
auditory memory for each sound and a visual memory for its 


symbol. Phonetic | programming, may begin anytime after the initial 


review. Return to the review later as your familiarity with the - 


BASIC sounds increases and as your need for sound alternatives : 
to those BASIC sounds. becomes more apparent. . s ae oe 


if there i is a question as to which symbols should be chosen to - . 


transcribe a word into its. sound sequence, ‘make a writ 


the word by circling the letter(s) that present the problem ‘ater 


when phonetic | programming has begun, a phoneme ‘sequenc i 
may be created for the word and users. May verify : 
phonetic selection produces the most appropriate translation. _ 


- $S1263A Phonbine Discussion 


The SSI 263A Phonetic Alphabet is divided into 3 groups for the. 


purpose of differentiating between phonemes and. allophones. ee 
Another way of dividing the Alphabet is according to usage. as 
_ Most familiar division is a two sections split: CONSONANT — 


sounds and VOWEL sounds. Within each of these sections, 
sounds may be further subdivided according to the distinctive 


features that best describe the sounds phonetically or 


acoustically. The more thati is known about a sound, the easier it 


is to determine how it may 0 be used i in transcribing and d phonetically 
Programming a word. se “ 


Consonant Sounds — 


There are 22 Conaehant § Phonenies, subdivided according to their 
manner of production i in the human speech mechanism. Some are 
_ characteriz d by the noise emitted when the articulators obstruct | 
th air fle ricatives ist. 


ce of 2 Sounds ia Stop ti followed oy i a 

single unit. Unlike vowels, which always — 

» during production, consonants may be voiced 
vocal source during air flow). When 

iner in which a consonant is produced during 

peciz Fabris that et isting aren it from all 

. The figure belov | 


as. “Affricates _ 


+ Proceed to the BASIC sound list in 

_ the above text and continue the review. Be aware that several 
consonant sounds will not provide output unless they have 
another sound following. This is the case with /B/, /D/, /P/, /T, I and. 


g the pronunciation variations. Be aware that there are 


ditorily which : 


__Semi-vowels___Glides _ 


~ Voiceless. 


Consonant Chart 


Voiced and voiceless consonants are subdivided into 6 
categories according to the manner in which they are’ 
produced in the human vocal tract: i.e., how the air flow 
is obstructed by the articulators to make each sound 
different. 


Consonant sounds are selected for a sequence in much the same 
manner as an alphabet character would be selected for the 
Spelling of a word. Users must be alert, however, to identify the 
exceptions. Occasionally, a consonant appears in the spelling of a 


word but not in its sound sequence: the “b” in “comb” is not 


pronounced and the sound sequence reflects the absence of the | 
“b": /K OU M/. Some exceptions have grammatical rules that may 
be used in determining the appropriate Sound. For example, a : 
consonant may have 2 pronunciations according to its sound 
environment. The “s” used to pluralize the two words that follow 
are pronounced differently based on whether the sound that 


precedes it is voiced or unvoiced. An “s" pronunciation will match | 


the vorcing characteristics of the sound it follows. 


Examples: tips = /TIP S/ 
tabs = /TAEBZ/. 


a There are other types of consonantal exceptions. For example, 


the “t" in a word like “nation” is pronounced /SH/ and the program 
might look like this: nation = /N A AY SH UH3 N/. Users must i 


— listen to each word's pronunciation to determine the appropriate’ 
phoneme selection. 


There are 7 Consonant Allophones, each noted in the table below. ° 
The /L/ consonant is used in the initial position of a sequence for 
beginning with “U’, while the /LF/ allophone will occupy a 

or final position in a sequence: e.g., lull = /L UH LF/. The 


: AB and the /LI/ allophones would be used when a most 


co 2d pronunciation of an “UC was required, as would occur 
r SC meV words of foreign languages. 


| Consonant Consonant Vowel 
Phoneme Allophones § Phoneme Allophone 
“t...L, LB, LF R ; ER 


Allophone Listing for /L/, /R/, & /Y/ 


The IR is an initial position phoneme. Both IRV and /R2/ have 


more. constricted pronunciations than /R/ and may be used in 


; sequence with soundless interrupts to create a trilled /R/. Often 


when the /R/ is required in a medial or final position, it is vowelized - 
and the /ER/ is used. Listening to the production of all four of 

these sounds will auditorily show that they may, occasionally, be 
used interchangeably. 


Examples: red = /REH D/ 
bid=/BERD/ 
motor = /M OU T ER/ 


The /Y/ consonant, used as the final sound i in words ending with 
“y,’ has a vowel allophone that may be uséd as the initial sound of _ 


_ words starting with “y:’ Note that both /Y/ and /YI/ are auditorily 


very close to the /E/ and the /IE/ vowels and may be considered i 


interchangeable. n= 
Vowel Sounds | LN 
There are 12 BASIC Vowel Phonemes. Vowels are subdivided ee 
_ according io the manner in which they are produced. All vowels  =-c/3 
are voiced sounds but each has a different output based on the 9 FE) 


degree of obstruction created by the opening of the mouth and the 
tongue position. Lip positions, another obstructing articulator, may 


range from spread flat to round. While the lips are in any of these 
positions, the jaw may be simultaneously eee from a closed 


_to.an open position. 
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HUY 
Sl 


Spread —_——————» Rounded 


AE | AH | 


Vowel Quadrilateral 


Vowels begin their production with the same voiced | 
energy. Changes in the position of the tongue (front or 
back), the shape of the lips (from spread flat to 
rounded), and the position of the lower jaw (from closed 
_ to open) determine the final characteristics that allow 
listeners to distinguish between vowel sounds. 


Refer. to the SS! 263A Phoneme Chart for the pronunciation 
reference on each BASIC vowel sound. Utilize the sound review 


techniques on the previous pages to practice identifying the vowel | 


sounds in words and associating them with their phonetic 
symbols. . ae 


‘The allophonic variations of vowels, 20 in number, are used in a 


phonetic program to enhance the pronunciation of a word. There ~ 
are some cases where the allophone is required for articulate 
pronunciations. This is true for /AY/, /YI/ and /IU/, which are 
integral components in the phonetic sequences for the “long a” 
and the varied “long u _ 4 


Examples: same = /S A AY M/ 
you = /YIIU U/ 


The table below places each allophone into the vowel 
quadrilateral to demonstrate approximately how they might relate 
to the BASIC vowels. Users are in no way restricted to traditional . 
phonetic transcriptions that use only the BASIC vowel phonemes. 
Be encouraged to experiment with allophones. Place them in 
different positions in a sequence to auditorily check how they 
effect the overall pronunciation of a word. 


Closed 


Front Vowels Medial Vowels Back Vowels 
Spread —————————_» Rounded 
YIEVIE. 1 

| E2 IU 1U1 


| 


Allophone Placement in Vowel Quadrilateral 
Vowel allophones are placed in the vowel quadrilateral. 
according to their production features. The sounds they 
emit vary slightly from the BASIC vowels that occupy the 
same positions. - | | 


Four vowel allophones—/:A/, /:OH/, /:U/, and /:UH/ — are adapted 
pronunciations of four of the BASIC vowels. These sounds are 
most commonly used for phonetically programming a foreign _ 
word. They may also be used as transitory sounds to link 


phonemes with opposite production features such as a round, a 


open vowel with a very constricted, narrow consonant. ~ 


There are five vowels that require two or more vowel soundsin 


sequence in order to achieve their pronunciations. These are 
generally referred to as diphthongs. Refer to the Diphthong . 
Conversion Chart. |. 


The vowel quadrilateral is a handy tool to use for selecting vowel _ 


phonemes for diphthongs and other multi-phoneme units. For 
example, the diphthong in the word “I” starts with an /AH/ and 


_ends with an /E/. In order to move smoothly from the first sound to 


the second (transition), another vowel may be inserted between 


these two sounds in sequence. The most likely choice would be a 


vowel that falls somewhere between /AH/ and /E/ in the 


quadrilateral: e.g., /UHI, /EH/, /\/, etc. The sequence may look like 


Front Vowels Medial Vowels Back Vowels | 


this: /AH EH E/ or /AH1 UH3 IE/ or /AH1 EH3 AY/. In their fullest. 
durations, a three-sound sequence would over articulate the 
diphthong. Shortening the first and tast sounds by 1 duration and 
the media! sound by 2 durations will produce a more acceptable . 


pronunciation (see SSI 263A Phoneme Parameters). 


_SS1 263A Phoneme Parameters (Attributes) 


To achieve an accurate pronunciation of a word produced by the _ 
SSI 263A synthesizer requires more than a selection ofthe =— 
appropriate phonemes. Like human speech sounds, synthesized 
sounds are further defined by the rate at which they are emitted 


(duration), the level of pitch at which they are emitted (inflection or . 


frequency), and the intensity with which they are produced 


_ (amplitude). These are considered the three major speech 
_ parameters which give the overall production of a word its 


linguistic character, transforming simple speech into more 


three of the parameters that users have control of during the 


_ programming process. The rate at which one sound moves into — 


another (articulation) is also a controllable parameter. Other 
parameters are: the slope of the inflection (slope), the rate of each 
selected duration (rate), and the extended inflection frequencies _ 
(extension). Users may also select the base frequency at which | 
speech may be produced (filter frequency). Refer to SSI 263A 


Phoneme Parameters, for the range of each and typical default - 
values selected. ee ee a ee 


assignments for each of the eight parameters. As users become 
more aware of their need to create different language effects with | 


their synthesized speech output, they will require the flexibility and 


choice that comes with programmable parameters. For example; — 
with 4 selectable durations per phoneme, each actual ey 
pronunciation of each sound may be changed. Thus, every sound 
has four possible outputs increasing the users’ choice from 64. __ 
phonemes and allophones to 256. Each of the 256 may be 


effected differently by each of the 32 possible inflection 


assignments. Add to these possibilities 16 variations in amplitude 


and 16 variations in rate. The possible combinations are not 


limitless, of course, but they are very great and users are. 


_ encouraged to experiment with as many as possible. = wo 


Several of the parameters effect synthetic speech output as a 


whole. These are articulation, pitch extension, and filter frequency. 
Users may select a single level at which to set the filter frequency, 
for example, and maintain that level throughout the programming 
process. | | : _ 


Phonetic Programming Methodology _— | 
Due to the great variety of phonemes and parameter choices, as 
well as the different effects the parameter selections have on the 
Speech sounds, a systematic approach to selecting the variables __ 
is advised. The approach described below is only one of several 
that might be used. It may be adjusted to accommodate the user's 
special programming style or to accommodate later : 
implementation of automatic contro! techniques. . 


The first step is to transcribe the target word, phrase, etc., into its. 
basic phonetic components. Next, enter these sounds into the SSI 
263A and auditorily check the output. Use the default values. 
suggested in the Nominal Phoneme Parameter Table. The results 
should be a bit stilted if not misarticulated for the first trial =. 
program. Phoneme adjustment is next. Continue to make changes 


_ _ in the phoneme sequence, auditorily monitoring the changes, until 
an adequate pronunciation of the target is established. - 


Begin parameter adjustments iF irst, maintain articulation, pitch 7 
extension and filter frequency at nominal values. The device” 


should be kept in the transitioned inflection mode. Make. 


adjustments in the levels of only one of the remaining4. 
parameters at a time, beginning with the duration and moving on. — 


to the inflection, rate, and amplitude (in that order) once the 


specific effect that the parameter can make has been made. 
__. Return to a previously adjusted parameter at any time based on 


~ Every phoneme selected for a sequence must be accompanied by a 


Pa 


a . ee: queen mets beanie ridtntri steers in on Rta cen vee, eet nt % aan seg game seen anascemmeeenes oi ome 
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- complex language. Inflection, amplitude, and duration are only — 


with 4-Channel Multiplexer ‘ 


| General Description — 


AID. converter. with a versatile analog: input multiplexer. — 
The 4-channel. multiplexer. can be software configured for - 
single-ended, difterential or mpc differential modes of : 


operation. | 


The differential mode. prdvides tow. teduency’ input: 

common-mode rejection and allows offsetting the analog: 
“range of the converter. In addition, the A/D's reference can 

be adjusted enabling the: conversion. of reduced gsi: 


ranges with 8-bit resolution. - 


This. AlDis is designed to operate from the control bus of the 
NSC800™ and the wide variety of 8080 »P derivatives. 
TRI-STATE® output latches that directly drive the data bus 
permit this A/D to:be configured as a memory location or 


as an 1/0. device to the microprocessor with no interface 


logic necessary. 


Block and Connection Diagrams 
8 e 


wsceoo"™ 18-6 trademarn of National Semicanductor Corp. 
TesTaTe? 19 a registered trademert.of National Semiconductor Core. 


4 8-Bit pP C comp patible 


: Features 


The. ADC0844 is a CMOS: &bit successive "apbronitnation: s Compatible with 8080: - derivatives—no interface 


logic needed. 
a Easy: interface to all microprocessors . 


s Operates ratiometricallyor with S Voc voltage teference = 


a. No zero or full-scale adjust required. 


se 4-channe! sultinheet with address logic. | 


& internal clock 


B@ov to 5V input range with single: 5V power: supply 
_ @ T2LIMOS input/output compatible | 
s 0.3" standard width 20-pin. oP 


Key apainiatons: a oe . 

@ Resolution Bits 

a Total Unadjusted Error - sV2LSBand21LSB 
@ SingieSupply — | . BM pe 

® LowPower | wil — 10mw 


4 


| vonage 


| Electrical Char: acteristics The following specifications apply tor Yeo=8 Vo unless cotter 


obs input Rarigé 


Absolute Maximum pRatings ees Vanda) : 
Supply Voltage (Vcc) oe se eres 


Logic Controt: inputs: 
At Otner inputs.and Outputs. 


Storage Temperature | 
: Package’ ‘Dissipation at h<25° oe : 5mW 
Lead ‘Temperature (Soldering, 10 seconas) a ae ad 300°C 


__ £0.3Vto- oa = 


Boldtace limits epply from. Tan to Tax 2 ail other limits walla = 25°C. 


Maxirum Total 
Unadjusted Error 
ADCOSS4BCN TC; 
ADCOB448). acs 
~ AOCOB4ECEN..” - ‘ 
- AOCOBASCy. ccs 


Minium Fieterence 
input: Resistance 


I Vier 26 60%oc 
_ (NOIe: 3 . 


OC Common:Moge Error + fC E 
Power: ‘Supply. Sensitivity 
. Ott Cranes or 


; (Note a 
-On'Cnanner= Sv. | 
Olt Cnannei= Ov: 
| OnChannersov. fo 
_ Ot Channer= sv | ae i 
ARACTERISTICS 


Vinay Logica” 1 input 
Voitage (Min) 


Vnaay. Logical “O" input | Voc = 4 75V 
Voltage (Maa) 


uns. Logical"1 Input ra : 
Current (Maa) Pete Ne 
hnaa,. Logical "0" Input - 0.005 : ea 3 
Current (Max) . 


Voutii. Logecal 1°" Veo = 4.75V 
Quiput Voltage (Mm) lout = — 360 pA 


lout = 10nA_ 


<fT 


< 


Voutiays Logical: 0" 
Output Voltage (Max) | 
loyr. TRISTATE Output 
Curtent (Maa) 


kounce. Output Source: 
Current (Min): 

Vegans. Quiput Sink 
Current (Miny 


lee. Supply Current (Max) Sat, "Vaar Open 


1 ae 


AB to Output Data Vaiig) . | (Note 9) 


tress lone. TRI-STATE Control (Maximum Delay trom Rising C, = 10 pF, Ry = 10k. 
Eage of RO to Hi-Z State) (Note 9) 


- (Note 6) | 
ic. Maaimum Conversion Time (See Grapn) a ee 
twaway Minimum WA Pulse Wain rwnotes) CT SOC 
lacc. Maaimum Access Time (Delay Irom Faiing Eage of 


LINEARITY ERROR (LSBs) 
_ CONVERSION TIME (us) 


twi. lay. Maximum Delay trom Failing Eage-of WA or AD to | (Note 9) 
Reset of INTR 


ips. Mirumum Data Set-Up Time Pinoees) | | ou 

ion Muna Data HO Tine Tne | 0 | id rr er 
=. emt TLiM/50166 TL./5016-7 

Note 1: Absolute Maximum Ratings ate tnose vaives beyond ‘which the life of device may be impaued. | . 

Nete 2: All voltages are Measured with respect to ground. , F 

Note 2: Total unadjusted error inciudes ollset, full-scale, linearity, and multiplexer error. . Conversion Time vS Unadjusted Offset Err or vs 

Note 4: For Viny( =) 2 Vinu( #) the digital output Code will be 0000 0000. Two on-chip diodes are tied to. each analog input, winch will forwara-conduct for analog Temperature Vaer Voltage 

input voltages one diode drop below ground of one diode drop greater inan Voc supply. Be caretul during testing at tow Vcc levels (4.5¥), a8 high level anaiog , 50 : 


inputs (SV) Gan Cause this input diode to conduct, especially at elevated temperatures, and Cause errors tor analog inputs near tuil-scaie. The spec aiiows 
50 mv forward bias of enther diode. This means that as long a8 the analog Vin does nol exceed the supply voltage by more than $0 mV, the Quiput code wil be : 
correct. To actueve an absolute 0 Voc to 5 Voc inpul voltage range wild theretore require & Minimum supply vollage of 4.950 Voc over temperature variations, ; 40 
initial tolerance and loading. ; 

Note 6: Typicais ase at 25°C and represent most likely paramelslic Norm. 

Note @ Guaranteed and 100% production tested. . : 

Note 7: Guaranteed, but not 100% production tested. These limils are not used to calculate outgoing quality levels. 
Note & Ott channel leakage Current is measured atier the channel selection. 

Note $: Tne temperature coelticient is 0.3%/°C. 


CONVERSION TIME (8) 
3 
OFFSET ERROR (LSBs) 


Typical Performance Characteristics | : aa ees 100 125 


 TLiHS0168 


TRISTATE Test Circuits and Waveforms 


7 Logic input Threshold Output Current vs Power Supply Current vs 
Voltage vs Supply Voltage = |§ Temperature Temperature | 


OATA 
Output 


> 
3 
= 2 = 
$ = € 
3 ze 1s Ss 
° = vr v 
& 5 = DATA 
Fa 3 < S OUTPUTS 
« 
FE 5 10 > GNO 
3 5 = Thirs.9006-12 
= = 5 = Th. ows016-10 ta 20ns 
2 Ew : 
oe ; 
2 a 0 . 0 a ton, Cy = 10 pF 
aso 475 5.00 825 850 75 50-250 25 Sd 75 100 125 -75-S0-25 0 25 50 75 100125 a ea 
| - Veg ~ SUPPLY VOLTAGE (Voc) : TEMPERATURE (°C) TEMPERATURE (°C) 
: Ture180169 TL. 50164 TL.0$016-5 WO 
gh ace v 
os lt : 7 : oureuts 
| | 192 ( ) Vo 10% 
#UNS—] : co NT I NUED , Th 0rS0m% 1) 
: 7 £VS2: : oe: TorS0ve Ht oie os : 
aDcos44 eee 


‘Ty eesanp ta 


Timing Diagrams _ 


TR-STATE 


we 


Wote 1: Read strobe must occur at least 600 ne after the assertion of interrupt to guarentee reset of NTA. 
Note 2: MA slands for MUX address. 


Using the Previously Selected Channel Configuration and Starting a Conversion 


a. ee a 


RESULT OF READING THE RESULT 
THE PHEVIOUS : OF THE LAST 


CONVERSION , CONVERSION Tonto 


=1192 (CONTINUED) 


Functional Description 


Functional Block Diagram 


TAL STATE 
‘QUIPUT LATCHES 


(MUX) which can be configu 
tial, or pseudo-difterential 
mode is selected by loading: 


Pou. | 
Differential | 


temsomar et wy 


FIGURE 1. Analoy Input Multiplexer Options 


teense ie . Ve. oe aaie 20 


Wrtwed, wpa ae bs: 


National - 
i Semiconductor 


. 


bo a Ne is 22 2 Bes ee 


- Peripheral/ Power Drivers 


$3658 Quad High Current Peripheral Driver 


~The molded package is specifically constructed to allow . 


General Description 


~ The DS3658 quad peripheral driver Is designed for those 


applications where low operating power, high breakdown 


~ voltage, high output current and low output ON voitage are. 


required. A unique input circult combines TTL compatibil- 
ity with high impedance. In fact, Its extreme low input 


current ‘allows It to be driven directly by a CMOS device. . 
The outputs are capable of sinking 600 mA each and offer : 


a 70V breakdown. However, for Inductive loads the output 
should be clamped to 35V or less to avoid latch-up during 
turn off (inductive fly back protection—refer AN-213). An 


on-chip clamp diode capable of handling 800.mA Is pro- . 


vided at each output for this purpose. in addition, the 
0S3658 Incorporates circuitry that guarantees glitch-free 
power up or down operation and a fail-safe feature which 
puts the output in a high impedance state when input is 
open. ce 


7 increased power dissipation over conventional packages. 


The four ground pins are directly connected to the device» 


chip with a special copper lead frame. When the quad 


device improves significantly. 


driver Is soldered Into a PC board, the power rating of the 


Applications — 

@ Relay drivers | 

® Lamp drivers 

& Solenoid drivers 

® Hammer drivers - 
& Stepping motor drivers 


 &§ Trac drivers 


Connection Diagram 


Dual-in-Line Package | 
ee | a ee | 


+ jz [3 4 5 6 7 Js 
QUTA CLAMP? OUTB GND GND UTC CLAMP2 OUTDO = 
7 TOP VIEW ies: 


Order Number DS3658N 
See NS Package N16A 


——-:DS3658 


@ LED drivers” | 

® High current, high voltage drivers 
 @ Level transiators 
“@ Fiber optic LED drivers 


Features — 
& Single saturated transistor outputs 


® Low standby power, 10 mW typical — 
®@ High impedance TTL compatible inputs 


_@ Outputs may be tied together for increased current 


capacity 
® High output current 
600 mA per output 
 2.4A per package 
@ No output latch-up at35V 0 
‘@ Low output ON voltage (350 mV typ @ 600 mA) 


_ @ High breakdown voitage (70V) 
. .@ Open collector outputs 


@ Output clamp diodes for Inductive fly back protection 


~~ NPN Inputs for minimal input currents (1 2A typical) 


® Low operating power 
@ Standard 5V power supply 


1B Power up/down protection 


‘@ Fall safe operation 


_ @@ 2W power package 


® Pin-for-pin compatible with SN75437 


Truth Table 


-Habigh state 
L=Low state 
Z= High impedance state 


4443-1203 


| bovrssace = es 
Absolute Maximum Ratings (Note). Operating Conditions _ 
A se a - | Min Max (Uni 
Supply Voltage - ei 7.0V Supply Voltage 4.75 §.25 
input Voltage . 16V. Ambient Temperature *) ‘70. ¢ 
Output Voltage 70V ; 
Qutput Current . 1.54 
-- Continuous Power Dissipation 
— @ 25°C Free-Air (Note 5) 2075 mW 
Storage Temperature Range 65°C to. + 150°C 


Lead Temperature (Soldering, 10 seconds) ~ 300°C 


Electrical Characteristics (Notes 2 and 3) 


ee 
eae BE 


| Symbol 
Vu input Low Voltage ae : 


input High Current 
ti input Low Current 
Vix input Clamp Voitage 
Vou Output Low Voltage 


ajc] <iZisia0ac 


it 


| Pisco manos |_| ss | 
cm | Outpt eakage Curent | Vee=7OVn=oev | | 


[Output Leakage Current | P00 | 

Ve ee 
oh Biode Leakage Curent | Vaevov | | | 
lec Supply Current | —AuinputsHigh TST ma | 
en) 6 apie fy 

oO | 

Switching Characteristics (note 2) : Ss | 


a [war [ ta 
eS 
Tem onibeay | come | Ta 


Note 1; “Absolute Maximum Ratings” are those values beyond which the satety of the device cannot be guaranteed. They are not meant to Imply thal a! 
Gevice should by operated at Inuse umits. The table of “Electrical Characteristic” provides conditions for actual device operation. ae 
Note 2; Uniess otherwise specitied, minimax limits apply across the 0°C to + 70°C temperature ange and the 4.75V 10 5.25V power supply (ange. All types 
values ate tor Ty = 25°C and Voc = 5.0V. a 
Note 3: All Curtents into device pins are shown a8 positive; all currants out Of device pins are shawn as negalive, all voliages ate relerenced to ground, uses 
olherwise specified. All values shown as max OF min ae 80 Classitied.on abgolule value basis. 

Note 4: All sections of this quad circull may Conduct fated current simultaneously; Noweves, power dissipation averaged Overs short interval of time Mualle 


- within specitied continuous dissipation salings. 


Note S: For operation over 25°C free-au temperature, derate linearly 10 1328 mW @70°C @ the fate of 16.6 muvi°C. 


Switching Waveforms — 


U2, 2, L4 are the windings of a bitilar stepping motor 


#443-1203 (CONTINUED) 
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SERIES 4 AND 18 


SCHOTTKY * | : 
PROGRAMMABLE READ-ONLY MEMORIES 


PROMS 


Courtesy of Texas Instrunents 


e Aeuticaons include: 


E ‘Titanium: Tungsten (Ti-W) Fuse Link For Re- 
Microprogramming/ Firmware Loaders 


liable Low-Voltage Full Famity cen 


Programming Code gay hao Generators : 
3 Transiators/Emulators 
—@ Full topsoil And Fast Chip Select Simplity. rT? 
System D Address si aaa Mel Tables 
—@ PNP aut For + Reduced Loading On System 
_ Butters/Drivers | 


‘TOP 18842 (J, No 


[OLD TYPE NUMBER _ nreaie «GIT SIZE _ ouTPuT P aDDRKEE [TYPICAL PERFORMANCE _ 
CCwee #3 aceasta CONFIGURATION DISSIPATION 
=i 
[assaf onan — (32W x 88)_ 

Hee —teaees | _ 1024 Bite a 
T“Teprasatols, Nie | SN76S367(J,NI___|__ (266W x 46) 

os = 
_17sew x 88) 


TOP 1ASA66 (J, we 


ad For tun tempereture parts (-se° ci to ¢126°C) use euttin os. For devices with MIL 8To 6638 processing (-66" c to +138" a eee pepe 
’ 2- . open cotiector, (7 three state. ' 


TeP 1654030, rer1s2020 78714810, TOP146A10— YOr188A22, TGP1SS22 TOP1ES42, TOP IESAG2 TOP 18646, TBP 18SA68 
Ze BITS. 9024 BITS ce 2048 BITS 4006 BITS - 4006 BITS ae 
(a2 WORDS SY GBITS) (256 WORDS BY 4 BITS) (2s6 WORDS BY 8 sits) (812 WORDG BY B BITS) (612 WORDS Sv se BITs) 
(Tor Wem (TOR viEwh (TOP vicw 


(TOR VIEW) ae view! 


: Pin eusignments for all of these memories are the come tor the J end N packages. See Product Guide, Section 7, tor chip corrier pin assignments, 
description | 7 | a 


These monolithic mm programmable resd only memories (PROMS) feature titenium- tungsten. (Ti: W). tuse tinks with — 
each link designed to program in 100 microseconds. The Schottky-clamped versions of these PROMs offer considerable 


_ flexibility for. upgrading existing designs oF improving new designs as they feature full Schottky clamping. for improved 


performance, low-current MOS-compatibie p-n:p inputs, choice of bus-driving three-state or open-collector outputs, end 


improved chip-select access timen 


Tne highcomplexity 2048. and 4096-bit PROMs can be used to significantly improve system anaity for fixed 
memories as at! are offered in the 20-pin dual: in-tine package having pintow spacings of 0 -300 inch (7; 62 mm). 


—#444-105 —TBP18S030 


logic symbols 


TBP 14810 


BRERE8 


a 
i 
é . 


TBP 18SA030 


egececcs 


TSP 1BSA42 


SEG REEER 


TBPI4SA10 


#UYL-105 
TBP18S030 


egseeeRees -— 
= - . 


| sup iv votteoe, Veo oe : ‘t hace ae 


Vcc = MIN, 


Chip selectts) at OV, 


Outputs open, 
See Note 4 


TOP 14S10M4 
TBP14S10 : 
TBP18S030M4 2 a Sh 30 BE foc 
ala) 294 tts), 
: 1 SF for tpxz2, 
Sen Page 1-42 


T6P18S42MJ, TOP IGS46M) 


TBP18S42, TAP16S46 


NOTE: MJ cesignates full-temperature-sange ‘circuits ‘(formeriy 64 Famity), J end N designate commercial-temperature-renge circuits 


(tormeriy 74 Femily). 


Vine 2V, 
'ou = MAX 


Terves22_ | 016 
Tepiese2, Tepiases] 12085 | 
es of TA and VCC (unless otherwise noted) 


* For conditions shown oe MIN or MAX, use the appropriate value specified under recommended opereting conditions, 


All typical values are ot Voc * BV, Ta = 26°C. 


Not more then one output shauid be shorted et 6 time end duration of the short circuit ehould not exceed one second. 


NOTE 4: The typical velues of icc ere with al Outputs low. 


#444-105  TBP1SS030 


| tec 


, switching characteristics over recommended ranges of Ta and Vcc (untess otherwise noted) 


_MIN NOM max [mip 
f.48 05 68 - 
1475 25 ‘ 


. PARAMETER 


sneer: ene ne a own aw rate ee nema ee ae on ae ern ot ee a eee mp ainadnheientaneeiemammnemseametneeneert +e 


. electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


eae a ne ne eee. 


PARAMETER 
View High-level input voltage ; — ; 
Lowterel mput vole 
Input clamp voltage —SSS*dSC Ve | 
High-level output cursent eee 7) 
o | va oay 


TESTCONDITIONSS MIN TVP' MAX | UNIT 


0:8 


I 


Low-level Ouiput voltage 
_tRbut current at maximum input voltage | 
oe High-level input current ; ~ 
__ Low-level input current . 
. Vcc * MAX, TBP1BSA030 
Chip selects) atOVv, | TBPI4SA10 
} » Outputs open, TBPI8SA22 _ 
See Note 4 | T8P18SA42. TEP1BSA46 


Supply current 


*PLH 
Propagstion delay time, 
tow-to high-level out- 
put fram chip select 
(disabte time) 


tis) 
Access time trom 


te(a) 
Access time trom 
ecidress 


‘CONDITIONS | 


TYPE 


: chip select 
(enabte time) 


UN tye! Max | MIN Tye! max | 


Cy = 30pF, 
Ary = 300 8, 
Ri2 = 600 £2, 
See Page 1-12 


& 
S 


TBP1BSA42M J, TBP 18SA46MJ 
TBP IBSA42, TEP IBSA4G : 


wr 
Ss 


78 


nd 


NOTE: MJ designates full-temperature-ronge circuits (formerly 54 Family), J and N designate commercial-remperature-range circulte (formerty 


74 Fernily). 


* For canditions shown as MIN or MAX, use the epprapriate value specified under recommended operating conditions, 
* All typical values are at Voc = 6 V, Ta, = 26°C. 
NOTE 4: The typical values of 'co are with all output tow. 


—_ 
— 
— 


Hat aeue (CONTINUED) 
description (continued) Fhe oe ee _ | -TBP18S03@ | 
Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure 


specified. All PROMs, except the TBP14S10 and TBP14SA10 are supplied with # low-logic-level output condition stored step-by-step programming procedure for the TBP18SA030, TBP18S030, TBP14S10, TBP14SA10, 
at each bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at TBP18SA22, TBP18S22, TBP 18SA42, TBP 18S42, TBP 18S46, TBP 18SA46 


selected locations. The procedure is irreversible; once altered, the output for that bit location is permanently program: 1. Apply steady-state supply voltage (Vcc = 6 V) and address the word to be programmed. 
med. Outputs that have never been altered may later be programmed to supply the opposite output jevel. Operation of 2 


the unit within the recommended operating conditions will not alter the memory content. i 
Al tows level at the chip-select input(s) enables each PROM. The opposite level at any chip select input causes the outputs 3. . aha requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select 


Verify that the bit location needs to be programmed. It not, proceed to the next bit. 


to be off. . . . . . . 
The three-state output offers the convenience of an open-coliector output with the speed of a totem-pole output; it can 4. Only one bit location is progr ammed at a time. Connect each output not being programmed to 6 V through 
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output. 3.9 kQ and apply the voltage specified in the table to the output to be programmed. Maximum current into the 
The open-collector output offers the capability of direct interface with a data line having a passive pull-up. programmer output is 150 mA. | 

-schemat tics of inputs and outputs : Step Vcc to 9.25 nominal. Maximum supply current required during programming is 750 mA. 


Apply a tow-logic-level voltage to the chip-select input(s). This should occur between 1 ys and 1 ms after Vcc 
has reached its 9.25 level. See programming sequence of Figure 2. 


7. After the X pulse time is reached, a high iogic level is applied to the chip-select inputs to disable the outputs. 


ao hon Vcc 8. Within the range of 1 ws to 1 ms after the chip-select input(s) reach a high logic jevel, Vcc should be stepped 
down to 5 V at which level verification can be accomplished. 


TYPICAL OF ALL 
THREE STATE OUTPUTS 


TVPICAL OF ALL 


EQUIVALENT OF ——— 
OPEN-COLLECTOR OUTPUTS | 


EACH INPUT 


9. The chip-select input(s) may be taken to a low logic level (to permit program verification) 1 us or more after 


output VCC reaches its steady-state value of 5 V. 
10. Ata Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program 
a bit. . #8 
11. Verify accurate programming of every word after all words have been programmed using Vcc values of 4.5 and 
a | | 6.5 volts. . . | 
ne absolute maximum ratings over operating free-air tem perature range (unless otherwise noted) | _ (NOTE: Only one programming attempt par bit is recommended. 
Supply voltage (see Note 1) 6... 6. ee se iamieen’ Kin hpe re anmaeaiee: ep alae eee 7V . | . 
Input voltage ........ sis Ses bie Shes Wana aera este ae ae ee er ee ee pee ee §.6V . és a ‘: 
Off-state output voltage voc id ty ie deeds ake GEER CLES ALORA ORE ae SERS 6.6V 
Operating free-air temperature range: Full-temperature-range Circuits 2... ee eee Jcargretacunetzens ~68°C to 126°C | 29kn 
ie | Commercial-temperuture-s.nge circuits ........-. engk den 0°C to 70°C | ourpuT__ fo 
. Storage temperature a ee ere ere ere ee ae ay ~65 C to 160 C LOAD CIRCUIT FOR EACH OUTPUT 
| | x 3 a 2s NOT BEING PROGRAMMED OR FOR 
. ; . PROGRAM VERIFICATION 
recommended conditions for programming the TBP18S’, TBP18SA’, TBP14S’, and TBP14SA’ PROMs a 
bas FIGURE 1 - LOAD CIRCUIT 
—— VERIFY ¥ —f>———_—_—--.-- 3V TYPICAL | 
al 5, ie ee oe eurcan NEED TO f+ yal me PROGRAM 9.26V 
| REMOVE Vcc TO 


(F gure 1 PROGRAM 


t ansoluse meaimum ratings. ~ 
NOTES: 1. Voltege velues ere with respect to network ground terminal. The supply voltage rating does not sepply during programming. VOipr v lpr) 
2. The TBP 186030, TBP 18S A030, TEP 18SAZ2, TBP18S22, TBP 10542, TEP 1BSAS62, TBP IES46 end TBP IBSA4E ere supplied with 
elt bis locetionscanteininge tow logic level, and programming @ bit changes the output of the bit to high logic tevel. The T8P 14610, 


APPLY REMOVE 


TOP 145410 are supplied with ati Dit Outpute ot 6 high logic tevel, and programming bit changes it toe 
Programming te quarentesd if the pulse applied os 98 us in duretion. . + uo as es 


444-105  TBP18S@30 (contiNuED) — 


low logic level. . FIGURE 2 — VOLTAGE WAVEFORMS FOR PROGRAMMING 


@1-Dec-G8 PRE =f 


ecode Row for the 2-168 ver.2 


= AIT 
FDS = oi 

é “135 = SOUT 

 f#/ Da = sINP 

° SASS. o— MEME | 

ttt QD = sHLTA “ane | 

EDL SINT (PAGE 1 continued) 

MEET DG oad Ly lll > 98 | 
CEEEET EE | | | BIS 
CeBIGib “8h sH G17 
pcccaeen 09h 8S MEME 18 
a. 0r S cue eei9 

aleateate 4% Sstt | BIA 
COCOGIGi 36% 85 sHLTA Giz 

x pcan ee 9th 5 sip BIC 


dts PRIGRARC. 3208S SOUT 

me ¢ Cheeeelib 23; & sihiA 
ee: eS @& tt 
I db COAG OBIb 30% SS HEN 
aa | GRRREGEGr, 388; 26 site 
ct PRRRRARIL 28th | nek detis ned 
ch: GOOG tt 8%, 28 sINTA 
eee: : GOB1GGAtE ith | 8S sINe 
RO: PRIGRROR = RS SUT 

chs PORE At 385 88 sHLTF 


1. ** ee ve ve we we we we eo : 


meeetit = ith os 
etnies 2, re 


“sdxaneiene 
Ge 


16: 


1000081 ib san 88 SINTA CPU Status Decode Rom for the 2-109 ver.2 MACRO-O7 3.4 09 ai-Dec-28 PAGE 
{6B1GG81b 33th = 88. sTNP | 
11eneeeb sh SS SOUT 

—— RRBRANEtb ; $8 sHLTA Macros: 

— CRRBGIb sh = 8S sHLTA 
GROG Att: 3 8S stEMR Symbols: 
Go 3 Si slide 
S1CB1881b 4% OG 
CBRE Glb 5 eS sHLTA 
Ng sith |= «8S sth No Fatal error<s) 
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eat! 
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2S126-F.N © 82S129-F,N 


DESCRIPTION FEATURES» PIN CONFIGURATION 


The 82$126 and 82$129 are field program- ° Address access time: 7 
-‘mable, which means that custom patterns N82S126/129: 50ns max F,N PACKAGE" he, meuuoss scores 
are immediately available by following the $82$126/129: 70ns max i; 
- fusing procedure given in this data sheet. ° Power dissipation: 0.5mW/bit typ | 
The standard 82S126 and 825129 devices ° Input loading: —— . 
- are supplied with.all outputs at logical low. N82S126/129: -100uA max 
Outputs are programmed to a logic high $82$126/129: -150uA max 
level at any specified address by fusing a Ni- © On-chip address decoding 
Cr link matrix. e Output options: 
These devices include on-chip decoding eet eee 


“and 2 chip enable inputs foreaseofmemory 6 Wo separate fusing pins 
expansion. They feature either open collec- , Unprogrammed outputs are low level 
© tor or tri-state outputs for optimization Of. Fully TTL compatible 
_ word expansion in bused organizations. - ne 


_ Both 82S126 and 625129 devices are APPLICATIONS 
- available in the commercial and military Prototyping/volume production 
temperature ranges. For the commercial ° Sequential controllers — 
“temperature range (0°C to +75°C) specify Microprogramming 
: N82S126/129, F or N, and for the military Hardwired algorithms 
temperature range (-55°C to +125°C) spec- Control store 
ity $82S126/129, F only. 


GROUND 


°F = Cerdip. 
N = Plastic 


Random logic DC ELECTRICAL CHARACTERISTICS N82S126/129: 0°C < Tas +78°C, 4,.75V < Vcc = 5.25V 
Code conversion : 


$82$126/129: -55°C $ Ta S + 125°C, 4.5V Ss Vcc s 5.5V . 


PARAMETER unt 


input voltage 
Low 

High 

Ciamp 
Output voltage 
Vou Low 
Von High (82S129) 


BLOCK DIAGRAM 


" NI-Cr FUSE ARRAY a 


_— __ lout = 16mA 
CE, = CE2 = Low, lout = -2.0mA, 
High stored 


ADDRESS . 32X32 OUTPUT 


BUFFER MATRIX BUFFER input current 


Wie : Low Vin = 0.45V 
Vin = §.5V 


Output current 
lo.k —s«-—s Leakage (62$126) 
1O(OFF) Hi-Z state (82S129) 


CE, or Ge2 = High, Vout = 5.5V 
CE, or CE2 = High, Vour = 5.5V 
CE; or CE2 = High, Vout = 0.5V 
Vour = OV 


los | Short circuit (628129) 


icc Vcc supply current 


Capacitance , Vec = 5.0V 
Cin input Vin = 2.0V 
Cout Output Vout = 2.0V 


AC ELECTRICAL CHARACTERISTICS | Ai = 2700, R2 = 60011, C. = S0pF 
: N82S126/129: O°C = Tas +75°C, 4.75V 5 Vcc = 5.25V 
$82S126/129: -55°C < Ta = +125° C, 4.5V S Voc = 5.5V 


min | typ?] Max | Min | Typ? | Max | 
os Access time 
Tad Output _ Address 70 
| ao Tce Output Chip enable 
Disable time 
Teo Chip disable 


NOTES Ak 
$. Ponitive Current is defined ap into the terminal referenced. 3. Testud at an address cycle line of Ipsec. ae 
2. Typical values are at Vcc ~ 5.0V, Ta = 225°C. : 
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These devices include on-chip decoding ae 
and 2 chip enable inputs forease of memory | 
expansion They feature either open collec- — é ane af 
tor or tri-state outputs. for. optimization of: , hatte com patible 
word expansion in bused organizations. : 


Both 825126 and 625129 devices are APPLICATIONS 

available in the commercial and military ° icici egbiarcle production 

temperature ranges. For the commercial ° uential controllers | ICLIDATIC 

temperature range (0°C to +75°C) specify — e Microprogramming _ ‘PIN CONF IGURATION 

N82S 126/129, F or N, and for the military ° Hardwired algorithms _ _FN,R PACKAGE’ 

temperature range (-55°C to +125°C) spec- © Cor rot store. oes pnt 

ify $82S 126/129, F or R. : Random logic 
Lees Code. conversion 


"BE on REFS tion Vout = awe 
CE, of CE2 = High, Vout = 5.5V 
CE: or CE = High. Vout = 0.5V 


CE: of C&2 = High Vcc = 5.0V 
Va=20¥ | 
Vour = 2.0¥ — 


Sj Yec | ao ee cr N82S 126/129: OC = Tas +78°C. 4.78 = Vec < 5.28V | 
G5) a, | | ce a. S825 126/129 “S5°C = Tas 125°C, 4.5V 5 Bogs BBV. 


Se fe Se pe OEIC 


Otf-atete 1825129) ; a A, L. . . | 
Temperature range | crouno [5] 
Operating : Ew, Ce 
NB2S126/129 


SE2S 126/128 5 to +12 "F = Cerdip 
5 to +15 WN = Plastic 


R = Flat Pak 


TEST LOAD CIRCUIT VOLTAGE WAVEFORM 


Yeo : 


=C, @NCLUDES SCOPE & 


ff 628128 - OPEN COLLECTOR KG CAPACITANCE) 


628129 - TRUSTATE 


9042/8742 


"UNIVERSAL PERIPHERAL INTERFACE — 


=» 8042/8742: 12MHz. _ 

es Pin, Software and Architecturall 
Compatible with 8041A/8741A — | 

a &-Bit CPU plus ROM, RAM, I/O, Timer 

~ and Clock In a Single Package : 

2 2048 x 8 ROM/EPROM, 128 x 8 RAM, 


- 8-Bit Timer/Counter, 18 Programmable 8 
a One 8-Bit Status and Two Data ; 


Registers for Asynchronous» 
- Slave-to-Master Interface 


a DMA, Interrupt, or Polled Operation — 


| Supported ke oer 


customized solution for periph 


128 bytes of data memory, 8-bit CPU, I 3 
interface registers. are included to enable the UPI device to 


_MeS-51™, MCS-80™, MCS-85™, IAPX-88, IAPX-86 and other 8, 16-bit systems. soe 
The 8042/8742 is software, pin, and architecturally compatible with the 8041 A, 8741A. The 8042/8742 doubles the on-chip 


~ 8-BIT MICROCOMPUTER — 


# Fully Compatible with all Intel and 


Most Other Microprocessor | 


_ Families — 
a ‘Interchangeable ROM and EPROM 


Versions 
ExpandableWO 
RAM Power-Down Capability 


‘ 


‘Over 90 Instructions: 70% Single Byte 


Available in EXPRESS 
—Standard Temperature Range — 


The intel 9042/8742 is a general-purpose Universal Peripheral Interface that allows the designer to grow his own 
eral device control. It contains a low-cost microcomputer with 2K of program memory, 
It CPU, VO ports, 8-bit timericounter, and clock generator in a'single 40-pin package. | 


function as a peripheral controller in the MCS-48™, 


memory space to allow for additional features and performance to be incorporated in upgraded 8041/8741 A designs. For 


new designs, the additional memory and performance of the 8042/8742 extends the UPI concept to more complex motor 
control tasks, 80-column printers and process control applications as examples. . fs 


To allow full user flexibility, the program memory Is available as ROM In the 8042 version or as Uv-erasable EPROM in 


the 8742 version. The 8742 and the 8042 are fully pin compatib! 
designate 


@ for easy transition from prototype to production level 


LeelT 
ae — = 


‘Test inputs: Input pins which can be 


RESET is also used during PROM pro- 
gramming and verification. 


‘Command/Data Select: Address input 
used by the master processor to in- 


directly tested using conditional 
branch instructions. 


Frequency Reference: TEST 1 (T;) 
also functions as the event timer in- 
put (under software control). TEST 0 
(To) is used during PROM program 
ming and verification in the 8742. 


Inputs: inputs for a crystal, LC or an 
external timing signal to determine 
the internal oscillator frequency. 


Reset: input used to reset status flip- | 
flops and to set the program counter 


to zero. 


Single Step: Single step input used 
in conjunction with the SYNC out- 
put to step the program through 
each instruction. (8742 only) 


Chip Select: Chip select input used to 
select one UPI microcomputer out of 
several connected to a common data 
bus 


External Access: External access 
input which allows emulation, testing 
and PROM/ROM verification. This 
pin should be tied low if unused. _ 


Read: W/O sead input which enables 
the master CPU to read data and 
status words from the OUTPUT DATA 
BUS BUFFER or status register. 


dicate whether byte transfer is data ” 
(Ap=0, F1 is reset) or. command 
(Ag= 1, F1 is set). 


Write: 0 write input which enables 


the master CPU to write data and 


command:-words to the UPI INPUT 


DATA BUS BUFFER. , 


- ‘be programmed to provide inhertupt 


| | Request and DMA Handshake capa- 3 
bility. Software control can configure. 


| Pag a8 Output Buffer Full (OBF) inter- 

| tupt, Pog as Input Butter Full (IBF) 
interrupt, Pag as DMA Request 
(ORQ), = SE DMA ACKnowledge 


rogram: : Multifunction pin used as| 
the’ ‘program: Lacing input during a, 


. 7 Two Data Bus Buffers, one for input and one for out- 
put. This allows” a much ‘cleaner Master/Siave pro- 
- tocol. a bake " 


It “EN FLAGS" has bee executed, Ps becomes the 


2. 8 Bits of Status — 


ee ST,4-ST): are user definable Status bits. These bits:are — 
defined by the “MOV STS,A” single byte, single - 
_, cycle instruction. Bits 4-7 of the accumulator are 
Moved to bits 4-7 of the status register. Bits 0-3 of — 
es. a“ status as dike are not affected. ae 


“ov Sts. a Op Code: son 


$. AD and WA are edge triggered. 1BF, OBF, -F, and INT 


. eres sate after the trailing edge of RB or WA. 
| Fags AFFECTED 


parng. the. ‘time: that the host cpu. Is reading the 


_ Status register, the 8042/8742 is prevented from. up- 


dating this register or \s ‘locked out.’ , 


4 Poa and Pog are port pins or. Buffer ig sib which 
can be used to interrupt a master processor. These 
‘bine: default t to ge eid on Reset. 


OBF pin (the pint ibis: low) This’ ir can be used 


to indicate that valid data is: available from the UPI- 


AIA (in Output © Data | Sus Buffer). 


(BF (input Buffer Full) pin. A “1” written to Po. 
enables the IBF pin (the pin outputs the inverse of the 
IBF Status Bit). A “0” written to Pos disables the IBF 


pin (the pin remains tow). This pin can be used to . 


indicate that the UPI-42 Is ready for data. 


DATA BUS BUFFER INTERRUPT CAPABILITY 


en ‘vias ‘Op Code: OFsH 


‘becomes the DRQ (01 


§. Pog and P57 are port pins-c or DMA. handshake pins for 
use with a DMA controller. These pins default to port 
alg on ‘Reset. 


if the “EN Ma" instruetion has been executed, Pog te 

ReQuest) | pin. A “1" written 

_ {0 Pag causes a OMA request (DRQ is activated). DRQ | 

. 4s deactivated by. DACK-RD, DACK: ‘WR, or. execution 
of the. “EN DMA" instruction. 


. it “EN DMA" has been execuied, ppt becomes the 
‘DACK (DMA ACKnowledge). pin. This pin acts as a 

chip select input for the Data Bus ‘Butter registers 
during DMA transfers. | 


DMA HANDSHAKE CAPABILITY. 


EN DMA Op Code: OESH. 


6. The RESET Input on the 8042/8742 Includes a 2-stage 
synchronizer to ‘support reliable reset operation for 
12 MHz operation. 


_ 7. When EA Is enabled on the 8042/8742, the program 


counter Is placed on Port 1 and the lower three bits of 
Port 2 (MSB = Po, LSB = P49). On the 8042/8742 this 
_ Information Is multiplexed with PORT DATA (see port 
timing diagrams at end of this data sheet). 


(a 
PERIPHERAL 


OEVICES | 


0243 . KEYBOARD . 
" EXPANDER a MATRIX 


"Figure 5. 004216742-8243 Keyboard ‘Scanner: 


DOT MATAIX PRINTER 


FORM 
PAINT LF. HOLD 


Ro 

a7i 
PRINT POSITION 
TOP OF FORM 
LINE FEED POSITION 

HS 

m 

i 


CONTROL BUS 


Figure 6. 8042/8742 80-Column Matrix Printer Interface 


| PROGRAMMING, VERIFYING, AND 
ERASING THE 8742 EPROM > 


Programming Verification 


in brief, the programming process consists ot ‘awning | 
the program mode, applying an address, latching the | 


address, applying data, and applying a programming pulse. 
Each word is programmed completely before moving on to 


the next and is followed by a verification step. The follow: — 


ing is a list of the pins used for progemming and a descrip: 
tion of their functions: 


Function 
~ Clock input 


Reset Initialization and Address Latching . 
Test 0 Selection of Program or Verify Mode — 
EA _ Activation of Program/Verify Modes ae 

. BUS ‘Address and Data input) 2 

me ae a Data Output During Verify. a . 

P2012 | .. Address Input on “~ 

—Vpp ie Programming Power Saappiy | 


be Program Pulse Input 


WARNING 


An attempt to program a missocketed e742 wilt result in severe damage 
‘to the part. An indication of a properly socketed part is the appesrance 
ot the SYNC clock output. The lack of this clock may be used to Gisapie 
the penne: ; ¢ 


The Program/Veritys sequence is: 


1. (Ag = 0V,CS = sv, EA = 5V, RESET =0V, TESTO = 
-Vop = SV, clock applied or internal oscillator operating, bus 


floating, PROG = = SV. le 
2. _ Insert 8742 in programming socket 
3. TESTO=0v (select program mode) . 
4. EAs 18V (active program mode)? 
5. Address applied to BUS and Pap22 
6. RESET = 5v ttatch address) a 
7. Data applied to BUS** eee 
8 Von = 21V (programming power)** 
-.9, PROG = Vc followed by one 50 ms pulse to 1ev~ 
10. Vop = 5¥ | : 
a 


.' TESTO= ‘Sv verity mode) - 


CONTINUED) 


12. Read and verify data on BUS 
1, TESTO= Ov 3 
94, RESET - Ov and repeat from step 5 
% Programmer should be at conditions of step 1 when 
6742 is removed from socket 
“When verifying ROM, EA = 12V. : 
**Not used in yerifying ROM procedure. 


“9742 Erasure Characteristics 


The erasure characteristics of the 8742 are such that 


-@resure begins to occur when exposed to light with 


wavelengths shorter than approximately 4000 Ang- 


- gtroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 


3000-40004 range. Data show that constant exposure to | 
room level fluorescent lighting could erase the typical | 


- 8742 in approximately 3 years while it would take ap: . 


proximately one week to cause erasure when exposed 
to direct sunlight. If the 8742 is to be exposed to these 
types of lighting conditions for extended periods of 


time, opaque labels are available from intel which 


should be placed over the 8742 window to Eeren unin- 


tentional ¢ erasure. 


The recommended erasure sieddurs for. the 8742 Is - 


exposure to shortwave ultraviolet light which has a 
wavelength of 2537A. The Integrated dose (i.e., UV inten- 


sity x exposure time) for erasure should be a minimum 
of 15 w-secicm?. The erasure time with this dosage Is 


‘approximately 15 to 20 eninutes using an ultraviolet © 


lamp with a 12,000 uWiem? power rating. The 8742 
should be placed within one Inch of the lamp tubes dur- 
ing erasure. Some lamps have a filter on their tubes | 


"which should be removed before erasure. 
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FEATURES 7 
D Software compatible with 3870/F8 family — 
© 4096X 8 mask programmable ROM 
O 64 byte scratchpad RAM 
© 32bits (4 ports) TTL compatible 1/0 
Oo Programmable binary timer 
Interval timer mode 
Pulse width measurement mode 
Event counter mode 
External interrupt 
Crystal, LC, RC, or external time base 
Low power (275 mw typ. ). 
Single +5 voit + 10% power ‘supply 
Pinout compatible with 3870 family 


Oo o00 


GENERAL DESCRIPTION 


The MK3870 is a “complete 8-bit microcomputer 
on a single MOS integrated circuit. The 3870 can 
execute the F8 instruction set of more than 70 com- 


mands, allowing expansion into multi-chip config-. 


urations with software compatibility. The device 
features 4096bytes of ROM, 64 bytes of scratch- 
pad RAM, a programmable binary timer, 32 bits of 
1/O, anda ‘single +5 volt power supply requirement. 


Utilizing ion-implanted, N-channel silicon-gate tech- 
nology and advanced circuit design techniques, the 
single-chip 3870 offers maximum cost effective- 
ness in a wide range of contro! and logic replace- 
~ ment applications. 


FUNCTIONAL PIN DESCRIPTION 


PO-0-PO-7, PTO-P1-7, P4-0-P4-7, and P5-0-P5-7 
are 32 lines which can be individually used as either 
TTL compatible inputs or as latch outputs. 


STROBE is a ready strobe associated with |/O Port 4. 
This pin which is normally high provides a single low 
pulse after valid data is present on the P4-0—P4-7 pins 
during an output instruction. 


RESET may be used to externally reset the 3870. 
When pulled low the 3870 will reset. When then 
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1/O Port 0 Bidirectional 
P10 ~P1-7 1/0 Port 1 Bidirectional | 
P40 -P4-7 =| 1/0 Port 4 Bidirectional 
P5-0-P5-7 | 1/0 Port5 Bidirectional — 
STROBE | Ready Strobe Output 
EXT INT External Interrupt | Input 
RESET External Reset | Input 
TEST Test Line | ‘Input 
XTL1,XTL2} Time Base ‘Input 
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PIN NAME 


~, DESCRIPTION 


Vcc, GND - Power Supply Lines | Input 
allowed to go high the 3870 will begin program 


execution at program location H ‘000’. 


EXT INT ‘is the external interrupt input. Its active 


State is software programmable. This input is also 


used in conjunction with the timer for poles ma 
measurement and event counting. . 


. XTL 1 ‘and XTL 2a are the time - base inputs to which 
_acrystal (1.to 4 MHz), LC network, RC network, or 
an external single-phase clock may be connected. 


TEST is an input, used only in testing the 3870. 


- For normal circuit functionality this. pin is. left 


unconnected or may be grounded. 
VCC is the power supply input (+5V + 10%). 
3870 ARCHITECTURE 


This section describes the basic functional elements 
of the 3870 as shown in the biock diagram of 


Figure 1. A programming model is shown in Figure 2. 
Main Control Logic 


The Instruction Register (1R) receives the operation 
code (OP code) of the instruction to be executed 
from the program ROM via the data bus. During 
all OP code fetches eight bits are latched into the IR. 
Some instructions are completely specified by the 
upper 4 bits of the OP code. In those instructions 
the lower 4 bits are an immediate register address or 
an immediate 4 bit operand. Once latched into the 
IR the main contro! logic decodes the instruction 
and provides the necessary control gating signals to 
al! circuit elements. 


ROM Address Registers 


There are four 11 bit registers associated with the 
2K x 8 ROM. These are the Program Counter (PO), 
the Stack Register (P), the Data Counter (DC) and 
the Auxiliary Data Counter (DC1). The Program 


Counter is used to address instructions or immediate 
operands, P is used to save the contents of PO during 
an interrupt or subroutine cail. Thus P contains the 
return address at which processing is to resume upon 
completion of the subroutine or the interrupt routine. 


The Data Counter (DC) is used to address data 
tables. This register is auto- -incrementing. Of the 
two data counters only DC can access the ROM. - 
However, the XDC instruction allows” DC and DCI 
to be exchanged) 


Associated with the address registers is an a ‘bit 


_ Adder/Incrementer. This logic element is ‘used to Z 
increment PO or DC when required and is‘also used - 


‘to add displacements to PO on relative branches or 
to add the data bus contents to DC in. ‘the ADC 
(Add Data Counter) instruction. 


4096 8 ROM 


The microcomputer program and data constants 
are stored in the program ROM. When a ROM access 
is required, the appropriate address register (PO or 


OC) is. gated onto the ROM address bus and the ROM 


output is gated onto the main data bus. The first byte 
in the ROM is location zero. 


Scratchpad and 1S 


The scratchpad provides €4 8-bit registers which 
may be used as general purpose RAM memory. 
The Indirect Scratchpad Address Register (1S) is a 
6 bit register used to address the 64 registers. All 64 © 
registers may be accessed using IS. In addition the 
lower order 12 registers may also be aireetly agdressed. 


IS can be visualized as holding two octal digits: This 
division of !S is important since a number of instruc- 
tions increment or decrement only the least signif- 
icant 3 bits of |S when referencing scratchpad bytes 
via 1S. This makes it easy to reference a buffer con- - 
sisting of contiguous scratchpad bytes. For example, 
when the low order octal digit is incremented or de- 
cremented IS is incremented from octai 27 (0 '27’) to 
O ’20) or is decremented from 0 ‘20’ to 0 ’27’. This 
feature of the IS is very useful in many program 
sequences. All six bits of 1S may be loaded at one 
time or either half may be loaded independently. 


Scratchpad registers 9 through 15 (decimal) are given 
mnemonic names (J, H, K, and Q) because of special 
linkages between these registers and other registers 
such as the Stack Register. These special linkages 
facilitate the implementation of multi-level interrupts 
and subroutine nesting. For example, the instruction 
LR K,P stores the lower eight bits of the Stack 
Register into register 13 (K lower or KL) and-stores 
the upper three bits of P into seaisten 12 (K upper 
or KU). 


Arithmetic and Logic Unit (ALU) | 


After receiving commands: from the main coittrol 
logic, the ALU performs the required arithmetic or 


logic operations (using the. data ‘presented on the 


two input busses) and ‘provides the result on the 
result bus. The ‘arithmetic operations that can: be 


performed in the ALU are binary add, decimal. 
adjust, add with carry, decrement, and increment. 


The logic operations that can be performed are 
AND, OR, EXCLUSIVE OR, 1’s complement, 
shift right, and shift left. Besides providing the 
result on the result bus, the ALU also provides four 
signals representing the status of the result. These 
signals, stored in the Status Register ‘(W), represent 
CARRY, OVERFLOW, SIGN, and ZERO congo: 
of the result of the operation. 


Accumulator(A) 


The ‘Accinwiatot (a) is the principal register for 


data manipulation within the 3870. The. A serves — 


as one ‘input to the ALU for arithmetic or logical 
operations. The. result of ALU operations are stored 
in the A. 
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_ The Status Register) Interrupt Control Port (Port 6) 1/0 PIN CONCEPTUAL DIAGRAM WITH OUTPUT BUFFER OPTIONS 


The ‘Status Register (also called “the Ww register) ws BitO- External Interrupt Enable Figure 3 na AUUY- 3571 
holds five status flags as follows: | _ Bit 1- Timer Interrupt Enable |. MK3870 
‘cing Ves Bit 2- EXT INT Active Level vec _ | 
Interrupt Control Bit (CB) Bit 3 - Start/Stop Timer omy 


processed upon completion of the first non-priv- 
instruction. 


until the ICB i is set. | . 
1/0 Ports 


The 3870 provides four’ annie bidirectional 
Input/Output ports. These are ports 0, 1, 4, and 5. 


In addition, the Interrupt Control Port is addressed 


as port 6 and the binary timer is addressed as port 7. 
An output instruction (OUT or OUTS). causes the 
contents of A to be latched into the addressed port. 
An input instruction (IN or INS) transfers the con- 
tents of the port to A (port 6 is an exception which 
is described later). The schematic of an 1/O pin and 
available output drive options are shown in Figure 3. 


An output ready strobe i is associated with port 4. This 
flag may be used to signal a peripheral device that 
the 3870 has just. completed an output of new 
data to port 4. The strobe provides a single low pulse 


shortly after the output operation is completely. 


finished, so either edge may be used to signal the 


peripheral. STROBE may also be used as an input 


strobe simply by doing a dummy output of H ‘00’ 
strobe to port 4 after completing the input operation. 


| Timer and Interrupt Control Port 


The Timer is an 8-bit binary down counter which is 
software programmable to operate in one of three 
modes: the Interval Timer Mode, the Pulse Width 
Measurement Mode, or the Event Counter Mode. 
As shown in Figure 4, associated with the Timer 
are an 8-bit register called the Interrupt Control 
Port, a programmable prescaler, and an 8-bit mod- 
ulo-N register. A functional logic diagram is shown 
in Figure 5. 


The desired timer mode, prescale value, starting and 
stopping the timer, active level of the EXT INT pin, 
and local enabling or disabling of interrupts are select- 
ed by outputting the proper bit configuration from 
the Accumulator to the Interrupt Control Port (port 
6) with an OUT or OUTS instruction. Bits within the 
interrupt Control Port are defined as follows: 


4-3/1 
Sincren (CONTINUED)- 


egec If the ICB is cleared an inter- — 
rupt. request. will not be acknowledged or propested 


.  «Bit4- Pulse Width/tnterval Timer | 
The ICB may be. used to allow. or disallow interrupts. dt . 
in. the 3870. This. bit is not the same as the two | 
interrupt enable bits. in the Interrupt. Control Port 
(ICP). If the 1CB is set and the 3870 interrupt logic . 
communicates | an interrupt request - to the CPU 
section, the. interrupt will be acknowledged. and 


Bit 5-+ 2 Prescale 
Bit 6 - + 5 Prescale. 
‘Bit T -+ + 20 Prescale 


A special situation exists when reading the Interrupt 


~ Control Port (with an IN or. INS instruction). The 
Accumulator is not loaded with the content of the _ 
ICP; instead, Accumulator bits O.through 6 are loaded: 
with Q’s while bit 7 is. loaded with: the logic level 
: being applied to the EXT INT pin, thus allowing the 
_ Status of EXT INT to be determined without the 
~ Necessity. ot servicing an external interrupt request. 
_ When reading the Interrupt Control Port (Port 6) 
_ bit 7 of the Accumulator is loaded with the actual : 
logic level being applied to the EXT INT pin, regard- . 
less of the status of ICP bit 2 (the. EXT INT Active 
Level bit); that is, if EXT INT is at +5V bit 7 of the 


Accumulator is set to a logic 1, but if EXT INT is at 
GND then Accumulator bit 7 is reset to logic 0. 


This capability is ‘useful in establishing a high speed 
_polied handshake procedure or for using EXT. INT 
as an extra input. pin if external: interrupts. are not. 
required and the Timer is. used. only in the. Interval 


Timer Mode. ‘However, ‘if it is desirable to read the 


contents of the ICP then one of the 64 scratchpad 


registers or one byte of RAM may be used to save 
a copy of whatever i is written tothe ICP. 


The rate at Which: the timer’ is clocked i in the Interval. 


Timer Mode is ‘determined by the frequency of an 


- internal clock and by. the division value selected for 


the prescaler. (The internal © clock operates at one- 
half the external time base frequency). If ICP bit 5 is 
set and bits 6 and 7 are cleared, the prescaler divides 
® by 2. Likewise, if bit 6 or 7 is individually set the 
prescaler divides @ by 5 or 20 respectively. Com- 
binations of bits 5, 6 and 7 may also be selected. 
For example, if bits 5 and 7 are set while 6 is cleared 
the prescaler will divide by 40. Thus possible pre 
scaler values are +2, +5, +10, +20, +40, +100, and 
+200. 


Any of three conditions will cause the prescaler to be 
reset: whenever the timer is stopped by clearing ICP 
bit 3, execution of an output instruction to Port 7, 
(the timer is assigned port address 7), or on the 
trailing edge transition of the EXT INT pin when 
in the Pulse Width Measurement Mode. These last 
two conditions are explained in more detail! below. 


An OUT or OUTS instruction to Port 7 will load the 
content of the Accumulator to both the Timer and 
the 8-bit modulo-N register, reset the prescaler, and 
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Ports 0 and 1 are Standard Output type only. 
Ports 4 and 5 may both be any of the three output options (programmable bit by bit). 


The STROBE output is always configured similar to a Direct Drive Output except that it is capable of 
driving 3 TTL loads. 

RESET and EXT INT may have standard 6KQ ( typical) pull-up or may have no pull-up. - 

These two inputs have Schmidt trigger inputs with a minimum of 0.2 volts of hysteresis. 
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Figure 4 
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Note: See Fiqure 5 for a more detailed functional diagram. 
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clear any previously . 
As previously noted, the Timer is an 8-bit dow 
counter which is clocked by the prescaler in the 
Interval Timer ‘Mode and intl | 2 


Counter Mode. The Modulo-N register is a buffer 


whose function is. to save the value which was most 


recently outputted to Port 7. The modulo-N register 
_isused in all three timer modes. eis 


Timer Mode. When bit 3 of the ICP is set the Timer 


will start counting down from the modulo-N value. 


After counting down to H’01‘, the Timer returns to 


the modulo:N value at the next count. On the transi- 


tion from H‘01' to H ‘N’ the Timer sets a timer 
_ interrupt request latch. Note that the interrupt re- 

quest latch is set by the transition to H ‘N’ and not 
be the presence of H ‘N’ in the Timer, thus allowing 
a full 256 counts if the modulo-N register is preset 


to H ‘00’. If bit 1 of the ICP is set, the interrupt re 


quest is passed on to the CPU ‘section of the 3870. 
However, if:bit.1. of the ICP: is a logic 0 the interrupt 
request is not passed on to the CPU section but the 
interrupt request latch remains set. If ICP bit 1 is 
subsequently set, the interrupt request will then be 
{ assed on to the CPU section. (Recall from the dis- 
_ Cussion of the Status Register’s Interrupt Control Bit 
that the interrupt request will be acknowledged by 
the CPU section only if ICB is set). Only two events 


can reset the timer interrupt request latch: when the 


timer interrupt request latch is acknowledged by the 


CPU section, or when a new load of the modulo-N.. 


register is performed. | 


_ Consider an example in which the modulo-N register 


is loaded with H ‘64’ (decimal 100). The timer 
interrupt request latch will be set at the 100th 
count following the timer start and the timer inter- 
rupt request latch will repeatedly be set on precise 
100 count intervals. If the prescaler is set at +40 
the timer interrupt request latch will be set every 
4000 «Pb clock periods. For a 2MHz @ clock (4MHz 
time base frequency) this will produce 2 millisecond 
intervals. 


The range of possible intervals is from 2 to 51,200 
‘bh clock periods (1s to 25.6ms for a 2MH2z® clock). 
However, approximately 50 periods is a practical 
minimum because the time between setting the 
interrupt request latch and the execution of the first 
instruction of the interrupt service routine is at least 
29 ‘b periods (the response time is dependent upon 
how many privileged instructions are encountered 
when the request occurs); 29 is based on the timer 
interrupt occuring at the beginning of a non-privi- 
ledged short instruction. To establish time intervals 


stored timer interrupt request. 
t down > 


al Timer Mode and in the Pulse Width Measure 
_ment Mode. The prescaler is not used in the Event 


greater than 51,200 # clock periods is a simple 
Matter of using the timer interrupt setvice routine to 


count the number of interrupts, saving the result in 


one or more of the scratchpad registers until the 
desired interval is achieved. With this technique 


virtually any time interval, or several time intervals, 


may be generated. 


The Timer may be read at any time and in any mode 
"using an input instruction (IN 7 or INS 7) and may 


take place “on the fly” without interfering with 


normal timer operation. Also, the Timer may be 
_ When ICP bit-4 is cleared (logic 0) and-at least one 
prescale bit is set the Timer operates in the Interval 


stopped at any time ‘by clearing bit 3 of the ICP. 
The Timer will hold its current contents indefinitely 
and will resume counting when bit 3 is again set. 
Recall however that the prescaler is:reset- whenever 


_ the Timer is stopped; thus a. series. of starting and. 
stopping will result. in a cumulative truncation error. 


A summary of other timer errors is given in the — 


timing section of this specification. For a free 


running timer in the Interval Timer Mode the time — 


interval between any two interrupt requests may be 
in error by + 6 ® clock periods although the cumula- 
tive error over many intervals is zero. The prescaler 


and Timer generate precise intervals for setting the — 
timer interrupt request latch but the time out may | 


occur at any time withi n a machine cycle. (There 


are two types of machine cycles; short cycles which 


consist of 4 @ clock periods and long cycles which 


consist of 6 clock periods. In the multi-chip F8 
family there is a signal called the WRITE clock which Timer may be read at any time, may be stopped at 
any time by clearing ICP bit 3, ICP bit 1 functions | 
previously described, and the timer interrupt request - 
latch is set on the Timer’s transition from H ‘01’ 


corresponds to a machine cycle). Interrupt requests. 


are synchronized with the internal WRITE clock | 
thus giving rise to the possible t 6 ® error; Additional — 
errors may arise due to the interrupt request occuring | 
while a privileged instruction or multicycle instruc- | 


tion is being executed. Nevertheless, for most appli- 


cations all of the above errors are negligible, es-— 


pecially if the desired time interval is greater than 
1 ms. 


Pulse Width Measurement Mode 


When ICP bit 4 is set (logic 1) and at least one pre- 
scale bit is set the Timer operates in the Pulse Width 
Measurement Mode. This mode is used for accurately 
measuring the duration of a pulse applied to the 
EXT INT pin. The Timer is stopped and the pre- 
scaler is reset whenever EXT INT is at its inactive 
level. The active level of EXT INT is defined by 
ICP bit 2; if cleared, EXT INT is active low; if set, 
EXT INT is active high. If ICP bit 3 is set, the 
prescaler and Timer will start counting when EXT 
INT transitions to the active level. When EXT INT 
returns to the inactive level the Timer then stops, 
the prescaler resets, and if ICP bit 0 is set an ex- 
ternal interrupt request latch is set. (Unlike timer 
interrupts, external interrupts are not latched if 
“*e ICP Interrupt Enable bit is not set). 


As in the Interval Timer Mode, the Timer may be 
read at any time, may be stopped at any time by 
clearing ICP bit 3, the prescaler and {CP bit 1 func- 


tion as previously: described, and the Timer still 
functions as:an 8-bit binary down counter with the — 


timer interrupt request latch being set on the Timer’s 


transition from H ‘01’ to H ‘N’. Note that the EXT 


INT pin has nothing to do with loading the ‘Timer; 
its action is that of automatically starting and stop- 
ping the Timer and of generating external interrupts. 


Pulse widths fonger than the prescale value times the 


modulo-N value are easily measured by using the 


timer interrupt service routine'to store the number of . 


timer interrupts in one or more scratchpad registers. 


_ As for accuracy, the actual pulse duration is typically 


slightly longer than the measured value because the 
Status of the prescaler is not readable and is reset 
when the Timer is stopped. Thus for maximum 
accuracy it is advisable to use a small division setting 
for the prescaler. ; m, | oe: 


Event Counter Mode 


When ICP bit 4 is cleared and all prescale bits (ICP 
bits 5, 6, and 7) are cleared the Timer operates in 
‘the Event Counter Mode. This: mode is: used ‘for 
counting pulses applied to the EXT INT pin. tf 
ICP bit 3 is set the Timer will decrement on each 
transition from the inactive level to the active level 
of the EXT INT pin. The prescaler is not used in 


this mode; but as in the other two timer modes, the 


to H ‘N’, : 


Normally ICP bit 0 should be kept cleared in the 


Event Counter Mode; otherwise, external interrupts 
will be generated on the transition from the inactive 
level to the active level of the EXT INT pin. 


For the Event Counter Mode the minimum pulse 
width required on EXT INT is 2 ® clock periods 
and the minimum inactive time is 2 © clock periods; 
therefore, the maximum repetition rate is 500 KHz. 


- Timer Emutation 


For total software compatibitity when expanding into 
a multi-chip configuration the MK3871 Peripheral 
Input/Output circuit should be used rather than the 
older MK3861 PIO. The MK3871 has the same im- 
proved Timer (binary count, readable, and three 
modes of operation rather than one) and ready strobe 
output as are on the MK3870. 


External Interrupts 


When the timer is in the Interval Timer Mode the 


‘by the CPU section or until I 


EXT INT pin is available for non-timer’ related 


interrupts. If ICP bit O is set an external ‘interrupt 
request latch is set when there is a transition from 


the inactive level. to the active level of EXT INT. — 
(EXT INT is an edge-triggered input). The inter- 


rupt request is latched until. either acknowledged 
/ the CPU  secti intil ICP bit O is cleared 
(unlike timer interrupt requests which remain latched 
even when ICP bit 1 is cleared). External interrupts 


are handled in the same fashion when the Timer 
is in. the Pulse Width Measurement Mode or in the 
Event Counter Mode, except that only in the Pulse 

Width Measurement Mode the external interrupt = 


request latch is set on the trailing edge of EXT 
INT; that is, on the transition from. the active level 


Interrupt Handling 


When either a timer or an external interrupt request 
is communicated to the CPU section of the 3870, 
it will be acknowledged and processed at the com 
pletion of the first non-privileged instruction if the 
Interrupt Control Bit of the Status Register is set. 
If the Interrupt Control Bit is not set, the interrupt 


as previously described. 


If there is both a timer interrupt request and an 
external interrupt request when the CPU section 
starts to process the requests, the timer interrupt 
is handled first. | 


“When an interrupt is allowed the CPU section wil! 


request that the interrupting element pass its in- 
terrupt vector address to the Program Counter via 
the data bus. The vector address for a timer in- 
terrupt is H ‘020’. The vector address for external 
interrupts is H ‘OAO’. After the vector address is 


’ passed to the Program Counter, the CPU section 


sends an acknowledge signal to the appropriate 
interrupt request latch which clears that latch. The 
exection of the interrupt service routine will then 
commence. The return address of the original pro- 
gram is automatically saved in the Stack Register, P. 


The Interrupt Control Bit of W (Status Register) is 
automatically reset when an interrupt request is 
acknowledged. It is then the programmer's respon- 
sibility to determine when ICB will again be set 
(by executing an El! instruction). This action pre- 
vents an interrupt service routine from being inter- 
rupted unless the programmer so desires. _ 


Figure 6 details the interrupt sequence which occurs 


whether the interrupt request is from an external 


source via EXT INT or from the 3870's internal 
timer. Events are labeled with the letters A through G 
and are described below. 


Event A 


An interrupt request must satisfy a hold time require- 
ment as specified in the AC Characteristics in order to 
guarantee that it is valid on the rising edge of the 
WRITE clock. — : 


Event B 


Event B represents the instruction being executed 
when the interrupt occurs. The last cycle of B is nor- 
_ mally the instruction fetch for the next cycle. How- 

ever, if B is not a privileged instruction and the CPU's 
_ Interrupt Contro! Bit is set, then the last cycle be- 
comes a-"freeze” cycle rather than a fetch. At the 
end of the freeze cycle the interrupt request latches 
are inhibited from altering the interrupt daisy-chain 
so that sufficient time will be allowed for the daisy- 
chain to settle. (If B is a privileged instruciton, the in- 
struction fetch is not replaced by a freeze cycle; in- 
stead, the fetch is performed and the next instruction 
is executed. Although unlikely to be encountered, a 
series of privileged instructions will be sequentially 
executed without interrupt. One more instruction, 
called a ‘protected’ instruction, will always be exe- 


cuted after the last privileged instruction. The last. 


cycle of the protected instruction then performs the 
freeze.) | : a 


ine gashed lines on EXT INT illustrate the last op- 
portunity for EXT INT to cause the last cycle of a 
non-protected instruction to become a freeze cycle. 


The freeze cycle is a short cycle (4 © clock periods) 
jn all cases except where B is the Decrement Scratch- 
pad instruction, in which case the freeze cycle is a 
long cycle (6 © clock periods). — | 


| INT REQ goes low on the next negative edge of 


WRITE if both PRI IN is low and the appropriate in- 
terrupt enable bit of the Interrupt Control Part is set. 
- Both INT REQ and WRITE are internal signals. 


Event C 
A NO-OP fong cycle to allow time for the internal pri- 
ority chain to settle. 
EventD | 
The program counter (PO) is pushed to the stack 
register (P) in order to save the return address. The 
“interrupt circuitry places the lower 8 bits of the inter- 


rupt vector address onto the data bus. This is always a 
long cycle. | Ce a - 


Event E 


) - A tong cycle in which the interrupt circuitry places 


~~ the upper 8 bits of the interrupt vector address onto 
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Event E 


A tong cycle in which the interrupt circuitry places 
the upper 8 bits of the interrupt vector address onto 
the data bus. 


Event F 


A short cycle in which the interrupting interrupt re- 
quest latch is cleared. Also, the CPU's Interrupt Con- 


- trol Bit is cleared, thus disabling interrupts until an El 


instruction is performed. The fetch of the next in- 
struction from the interrupt address. 3 


Event G 


Begin execution of the first instruction of the inter- 


rupt service routine. 


- Summary Of Interrupt Sequence 


For the MK3870 the interrupt response time is de- 


fined as the time elapsed between the occurence of 


EXT INT going active (or the Timer transitioning to 
H’N’) and the beginning of execution of the first in-: 
struction of the interrupt service routine. The inter- 
-fupt response time is a variable depedent upon what 


the microprocessor is doing when the interrupt re- 


quest occurs. As shown in Figure 5, the minimum 
_ interrupt response time is 3 tong cycles plus 2 short 
cycles plus one WRITE clock pulse width plus a setup 
time of EXT INT prior to the leading edge of the 
WRITE pulse — a total of 27 clock periods plus the 
setup time. At a 2 MHz & this is 14.25 us. Although 


the maximum could theoretically be infinite, a prac- 
tical maximum is 35 ys (based on the interrupt re 
quest occurring near the beginning of a PI and LR K, 


P sequence). 


Power-On Clear 


The intent of the Power-On-Reset circuitry on the 


3870 is to automatically reset the device following 
--g& typical power-up situation, thus saving external. 


reset circuitry in many applications. This circuitry is 


not guaranteed to sense a “Brown Out” (low voltage) - 
condition nor is it guaranteed to operate under all 


possible power-on situations. 


Three conditions are required before the 3870 will _ 
leave the reset state and begin operation. Refer to. 
Figure 7 as an aid to the following descriptions. The . 
On-Chip Vcc detector senses a minimum value of Vcc. y 
before it will allow the 3870 to operate. The thres- _ 
hold of this detector is set by analog circuitry because 
@ stable voltage reference is not available with 
n-channel MOS processing. Processing variations will — 


cause this threshold to vary from a low of 3.0 volts to 
a high of 4.3 voits with 3.5 volts being typical. 


The 3870 uses a substrate bias as a technique to pro- 
vide improved performance verses power consump- 
tion relative to conventional grounded substrate ap- 
proaches. This bias generator may start operating as 
low as Vcc = 3 volts on some devices while others 


may require Vec = 4 volts in order to get adequate 
substrate bias. Until the substrate reaches the proper 


bias, the 3870 will not be released from the reset 
state. The final condition required is that the clocks 


_ of the 3870 must be functioning. Typically the clocks 
— will start to function at Vcc equal to 3 to 3.5 volts 


but since the part is tested at 4.5 volts MOSTEK can- 
not guarantee any operation below 4.5 voits. The 
output of the delay circuit in Figure 7 will stay low 
until the clocks start to function. If the input to the 
delay circuit is high, typically after 100 cycles of the 


WRITE clock (800 cycles of the external clock) 
the output of the delay circuit will go high allowing 


the 3870 to begin execution. 


If Vcc falls to ground for at least a few hundred nano-— 


seconds the output of the delay circuit will go low 
immediately and the 3870 will reset. 


The internal logic may detect a valid Voc, bias and 
clocks at Vcc = 3.5 volts and allow the 3870 to start 


executing after the time delay. With a slowly rising 


power supply the part may start running before Vcc 
is above 4.5 volts which is below the guaranteed 
voltage range. When power-on-clear is required with a 
slowly rising power supply, an external capacitor 


must be used on the RESET pin to hold it below 0.8. 


volts until Vcc is stable above 4.5 volts. (Note: The 


option to disconnect the internal pull-up resistor on 


‘is available which allows the use of a larger 


external pull-up resistor and a small capacitor on 


In many applications, it is desirable if the unit does 


an automatic power-on-clear, but not mandatory. The — 


unit v.ill have a RESET push button and if the unit 
does not power-up correctly or malfuctions because 


of some disturbance on the Vcc line, the operator wilt 
_ simply. press RESET and restore normal operation. !t 
is for these applications that the internal power-on-— 


clear circuitry was designed. 


In some applications it is required that the micro- 
computer continue to run properly without operator 
intervention after brown-outs, power line dis- 


turbances, electrical noise, computer malfunction — 
_ due to a programming bug or any other disturbance 


except a catastrophic failure of some component. — 


Once concept used to keep computers running is that 
of the “WATCHDOG TIMER”. The computer is pro- 


grammed to periodically reset the watchdog timer 
during the normal execution of its program (this is 


easily done in the 3870 as its normal application is in - 


some control function which is typically periodic). 
As long as the computer continues to execute its 
program the watchdog timer is continually reset and 
never times out. Should the computer stop executing 
its program for whatever reason, the watchdog timer 
will time out producing a RESET pulse to the CPU 
re-starting execution. This is.a very positive way to 
assure that the computer is doing its job, i.e., execut 
ing the program. It is important that the software 
driving the watchdog timer test as many functional 
blocks (timer, ALU, scratchpad RAM, and Ports) of 
the 3870 as possible before reseting the watchdog 
timer. This is because operation of the 3870 with an 
out of spec power supply may allow some of the 
functions to operate correctly while other functions 
are not operable. 


‘MOSTEK can guarantee correct operation of the 


3870 only while the Vcc voltage remains within its 
specified timits. If proper operation of the 3870 must 
be guaranteed after a disturbance on the Vcc line, 
then an external circuit_must be used to monitor the 
Vcc line and produce a RESET to the 3870 whenever 
Vcc is out of the specified limits. 


A related characteristic to power-on-clear is the 
Startup time of the basic timing element. The LC, 
and RC, oscillators begin to function almost 
immediately. once Vcc. is high enough to allow the on- 
board oscillator to operate (Vcc = 3.5). Operation 
with a crystal is partly mechanical and some start 
time is required to get the mass of the crystal into 


vibrational motion. This time is basically dependent 


on the frequency (mass) of the crystal. 4 MHz cry: 


stals typically require about 2-3 mSec to start while 1 
MHz crystals require 60-70 mSec to start oscillating. 


Of course, this time may vary greatly from crystal to 


crystal and is also a function of the power supply rise 
time characteristic, however, the high frequency cry 
stals start faster and are definately recommended 


(iie.,34 MHz) 


The condition of the port pins during the power-on- 


clear sequence is often asked. The port pins or the 
STROBE line cannot be specified until Vcc reaches 
4.5V and the 3870 enters the RESET state. Before 


this, the port pins may stay at Vss, may track Vcc as 


it rises, or they may track Vcc part way up then 
return to Vss (Ports 4 & 5 will go to Vcc once the 


_ clocks are running and the 3870 has sufficient Vcc to 
_ properly operate the internal control logic and 1/0 


ports). 


External Reset 


When RESET is taken low, the content of the Pro- 


gram Counter is pushed to the Stack Register and 
then the Program Counter and the ICB bit of the 
W Status Register are cleared. The original Stack 
Register content is lost. Ports 4, 5, 6 and 7 are loaded 
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| with H ‘00’. The contents of all other registers an d 
Ports are unchanged or undefined: When RESET is — 
'. taken high the: first program instruction is fetched 
from. ROM location: H‘000’. When an external: reset 
of the 3870 occurs, PO is pushed into P and. the old 
contents of P are lost. It must be noted that an 
external reset is recognized at the start of a machine 
cycle and not: necessarily at the end of an 
instruction. Thus: -if the. 3870 is executing. a multi- 
cycle instruction, that instruction is not completed and 
the contents of P upon reset may not. ‘necessarily. be 


the address of the instruction that would have been ex- 


ecuted next. It may, for example, point to an im- | 
“mediate operand ‘if the reset occurred during the _ 
second cycle of a LI or Cl instruction. Additionally, 
several: instructions (JMP, Pl, PK, LR PO, Q) as well 


as the interrupt acknowledge sequence modify PO 
in parts, That is, they alter PO by first loading one 


part then the other and the. entire operation takes. 
more than. one. cycle. Should reset occur during this 


modification process the: value. pushed into P will 


-. be part ‘of the old: PO (the as yet unmodified part) 
and part of the new PO: (already modified part). Thus. 

_ are should be taken: (perhaps by. external gating) to’ 

~ insure that reset does not occur at an undesirable. 
re time if. any significance i is to ppe given to: the: contents 
OF P ster resetoccure: eo : 


eee The 3870 family devices have dynamic circuitry inter- 
nally which requires. a good high frequency de- 
_ coupling capacitor to surpress. noise on the Vcc line. 
A .01 wF or .1 uF ceramic capacitor should be placed. 


between Vcc and ground, located physically close to 
the 3870 device. This will reduce noise generated by 
the 3870 to about 70-100mVolts on the Vcc line. 


Test Logic 


Special test logic is implemented to allow access 


to the internal main data bus for test purposes. 


In normal operation the TEST pin is unconnected 


or is connected to GND. When TEST is placed at a 
TTL tevel (2,.0V to 2.6V) port 4 becomes an output 
of the internal data bus and port 5 becomes a 


wired-OR input to the: internal data bus. The data 


appearing on the port 4 pins is logically true whereas 
input data forced on port 5 must be logically: false. 
When TEST is placed at a high level (6.0V to 7.0V), 
the ports act as above and additionally the 2K x 8 


program ROM is prevented frit driving tl i ls 
In this. mode operands and instruct 


forced’ externally through. port 5 instead ‘of being 


- accessed from the’ program ROM. When TEST is 
_in either the TTL state or the high state, STROBE 
ceases its. normal function and becomes a machine _ 
cycle clock (identical to the FS multi- hip ‘system . 
_ WRITE clock except inverted). ee ce 


Timing: complexities render the ‘capatilities associ. = 


ated with the TEST pin impractical for use'in a 
user's application, but these capabilities are thorough: 
ly. sufficient to provide a rave method for shoroudte oe 
ly testing the 3870. . . ei rea 


3870 Clocks . 


The time base for the 3870 may originate four one 


of four. sources. 


"The: four configurations are “show? i in Figure 8. There ; 


is an internal 26pF capacitor between XTL 1 and 
GND and an internal 26pF capacitor between XTL 2. 
and GND. Thus external Capacitors are not necces- 
arily” required. In all external clock modes the ex: 
ternal time base frequently is divided by two to fore 
the internal ® clock. 


Crystal Selection 


The use-of a crystal as the time base is highly recon: 


mended as the frequency stability and reproduca > 
bility from system to system. is ‘unsurpassed. The 
3870 has an internal divide by two to allow the user. 
of inexpensive and widely. available TV Color Burst 
Crystals (3.58MHz). The following crystal parameters 
and vendors are suggested for 3870 applications: 


Parameters 


a) Parallel Resonance, Fundamental Mode AT-Cut, 
HC-33/u holder 

b) Frequency. Tolerance measured. with 1BpE: load 
(0.1% accuracy). Drive level 10mW. 

c) Shunt Capacitance (Co) = 7pF max. 

d) Series Resistance (Rs) . 


550 ohms: max. : 


300 ohms max. | 


100 ohms max. 
= 100 ohms max. | 
100: ohms max. | 


“INSTRUCTION EXECUTION = | | #UUU-37) 
a This section details the timing and execution of the 3870 instruction set. The 3870 executes the entire F8 MK3870 


 4nstruction set with exact F8 timing. Refer to Figure 11 for a 3870 Programming Model. 
ae | «BB INSTRUCTION SET. ; 


ACCUMULATOR GROUP INSTRUCTIONS 


OPERATION | ge MNEMONIC OPERAND = FUNCTION 7 MACHINE CYCLES us STATUS BITS 
aur a id OP CODE Beno eH Ss : - CODE BYTES SHORT LONG (2MHz ¢) OVR ZERO CRY SIGN 
Add Carry LNK A«(A) + CARRY 19 1 1 2 1/0 1/0 1/0 1/0 | 
Add. immediate . Al if A<(A) + H'ii* 2uii 2 1 4 5 1/0 1/0 1/0 1/0 ! 
And immediate NI ii A<(A) A HYGG" | 2144 2 1 1 5 0 170 #O 1/70 | 
| Clear CLR A+H'‘'OO' . 70 1 1 2 a ~ = 
{| Compare Immediate Cr ii H'ii' +A +1 — 254i 2 1 1 5 1/0 1/0 1/0 1/0 | 
|. Complement COM  A«(A) + H'FF! 18 1 1 . 2 0 1/0 0 1/0 | 
| Exclusive or Immediate XI i Ae (A) + HUG! 2344 2 1 1 5 0 170 #0 170 | 
| Increment INC * tigi A<(A) 41 | | 1F 1 1 2 170 1/0 1/0 1/0 |} 
i Load Immediate LI ii Aen | 20i4 2 1 1 5 a), te ce, | 
| Load Immediate Short LIS ae | A+H'Oi' | . Ti 1 1 2 -~ - - - | 
| Or Immediate oh ii A+(A) VH'il' 22i1 2 1 1 5 0 170 O 1/0 | 
| Shift Left One. SL 1 Shift Left 1 13 1 1 2 0 170 0 170 | 
| Shift Left Four SL oA Shift Left 4 45 1 1 2 0 1/0 Oo 1/0 | 
| Shift Right One SR 1 Shift Right 1 12 1 1 2 0 1/0 o 1 | 
| Shift Right Four SR 4 Shift Right 4 14 1 1 2 0 1/0 0 1 
| 


[BRANCH INSTRUCTIONS: In all conditional branches PO~ (PO) + 2 if the test 
condition is not met. Execution is complete in 3 short cycles. 


OP CODE CODE BYTES SHORT LONG (2MHz %) OVR ZERO CRY SIGN 


OPERATION | MNEMONIC OPERAND FUNCTION MACHINE CYCLES uS STATUS BITS | 


Branch on Carry BC aa PO « (PO) + 1 + H'aa" IF CARRY 82aa 


' Branch if False Test BF taa PO <+(PO) + 1 + H'aa’ —<9taa 
ee 7 a if all false test bits 


| : 2 2 1 7 a oY ve | 
| Branch on Positive _ BP aa PO+(PO) + 1+ H'aa' if SIGN 1 81aa 2 2 1 7 - - - 
| Branch on Zero BZ aa PO<+(PO) + 1+H'aa’ if ZERO 1 84aa 2 2 1 7 ye <i ae a ! 
Branch on True . BT taa P0<«(PO) + 1+ H'aa’ if any 8taa 2 2 1 7 oo og . Ss 
: Le ase * TEST is true. | 
tsTEST CONDITION : | 

| i er 1 ene Cee ee 
|  (SteRo cry SIGN 
. 
Branch if Negative | BM aa PO <(PO) + 1+ H'aa’ if SIGN 0 91aa 2 2 1 7 a = - x | 
Branch if no Carry — _ BNC aa sti‘(<‘é‘éPOO~ (PO) @ 1 + Hae" if CARRY O 92a 2 2 1 7 = ‘2 = ” | 
Branch if no Overflow _ BNO aa — PO« (PO) + 1 + H'aa' if OVR 0 98aa 2 2 1 7 as 5 i 2 
| Branch if Not Zero BNZ aa PO +(PO) + 1 + H'aa’ if ZERO 0 Quaa 2 2 1 7 - -« a: = | 
2 2 1 7 = us PA = 
i 
| 


i 

} 

| . 

| t=TEST CONDITION 

| eee ae ee 2 
s [_OVF | ZERO | CRY | SIGN | 


444-371 (CONTINUED) 
| fiv2870 | 


OPERATION = MNEMONIC OPERAND FUNCTION i, MACHINE: 7 CYCLES us” STATUS. BITS e 
Pee ntl. OP CODE _ te OPES ae cee CODE ___-BYTES __ SHORT LONG. (2M $) _ OVR ZERO CRY SIGN | 
Branch if ISAR lower = BRT. aa —(“‘ws«éPO + (PO) + 1 + Hae’ if 8Faa. 2 2 1 5 - = - = | 
el Oe ae TSAR not equal to 7 
! * PO (PO) + 2+ Htaa’ if | 
ee — ..  ISAR equal to 7 : Fe ie ae 2 2 4 - - - - 
Branch’ Relative BR aa> PO «(P0) + 1 +H! oat 90aa . 2 2 4 7 - - - - 
a Jump ® JMP- aaaa_ PO «H'aaaa’ — e9aa 3 1 3 11 - - - - 


MEMORY REFERENCE. INSTRUCTIONS: In all teases Reference pnpenuel igus? the 
ee Counter is incremented DC<+ (DC) + 1 . 


| OPERATION MNEMONIC OPERAND FUNCTION ~— 7 MACHINE _ CYCLES. uS STATUS BITS _ | 
: OP CODE coos “8 CODE BYTES SHORT LONG (2MHz >) OVR ZERO CRY SIGN : 
|Add Binary AM . A «(A) + ((De)] 88. 1 1 4 5 1/0 1/0 1/0 1/0 | 
_ Add Decimal AMD A«(A) + [(DC)] BCD edjust 89 y 4 1 3 1/0, 1/05 1/0 1/0 | 
| AND NM A+(A) A((DC)) 7 : 8A ti‘ 4 ate 5 0 170° 0 1/0 | 
iCompare | cM C(DO)} + (Aye BD 1 1 1 5 1/0 1/0 1/0 1/0 | 
: Exclusive OR: Ped XM A «(AO ((Dc)] a? - “Bee at py OE as cat 1 : an 1 5 0 170 #20 1/0 | 
| Load’ Bees on LM A<({(DC)) ae ae AG, 1 1 1 5 - - - . 
| Logic ‘OR OM A«(A)V[(0C)] BB ome ia 1 1 5 0 1/0 1 1/0 | 
| Store 7 _ 4 - ST | cece ae ees te Pe ae | 1 5 - - - - | 

ADDRESS REGISTER GROUP INSTRUCTIONS | 
‘OPERATION. ene MNEMONIC. ‘OPERAND "FUNCTION me 1 aoe MACHINE = CYCLES uS STATUS BITS | 
| OP CODE — . Be ens ee eas . CODE. BYTES SHORT LONG) (2MHz 6) OVR ZERO CRY SIGN : 
| add to Data Counter ADC: DC + (DC) + (A) SE 1 1 1 5 - - - - | 
j Cai to Subroutine® = PK POU «(r12),POL+(r13), P+(PO) OC. ; 1 2 8 - - - -| 
; Call to Subroutine PI aaaa P<«+(PO), PO <H'aaaa’ 28aaaa 3 2 3 13 - - - - | 
| Immediate? | . 
Exchange DC XDC (DC) = (DC1) 1 2 4 - - - - 
Load Data Counter LR Dc,Q DCU +(r14), DCL + (r15) OF 1 1 2 8 a tag 
i Load Data Counter LR DC ,H DCU +(r10), DCL «(r11) 10 1 1 2 8 - - - - . 
|Load DC Immediate DCI aaaa DCU +H ‘aaaa' 2Aaaaa 3 3 2 12 - - - - 

i Load Program Counter LR PO,Q POU <+(r14), POL +(r15) oD 1 1 2 8 - - - - 

| Load Stack Register LR P,K PU+(ri2), PL + (r13) 09 1 1 2 8 - ~ - - 

| Return from Subroutine POP PO + (P) 1c 1 2 4 - - - - 
Store Data Counter LR Q, Dc ri4. (DCU), r15 + (DCL) OE 1 1 2 8 - - - - 
Store Data Counter LR H,DC r10 + (DCU), r11+ (DCL) 11 1 1 2 8 - - - - 
Store Stack Register LR K,P ri2<« (PU), r13< (PL) 08 1 1 2 8 - - - - 
Privileged instruction, Accumulator contents altered 


during execution of the PI instruction. 
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(MK3870PROGRAMMINGMODEL = i sts— 
Figure 9 ied a ee 


AOC }e—— 


LAK 


TIMER | © 
PORTS 


OUTS 6 — 
7 INT CNTL 
a Tinste t | ins 6 * | PORTS 
; ce 
oe 2 
. | AS 
' SCRATCHPAD | NS 
| | | | | RE 6 STE RS ae} Pa ~ er ae . t ~ . =, ngee rae 
Aux OATA . oy : ASO | Pe + ‘MAXIMUM (4.5 - 5.5V, orc 70°C, 
COUNTER | NI CAL {TYPICAL UNIT AT Vcc «= 5V, Ta = 25°C 
' i seein a inca aap? fee ee cena map ee ee cate ce ym 
foci"? | roll - MINIMUM (4.5V -5.5V, °C - 70°C). js 
: | : : “ACCUMULATOR xl = 
ae . p XOC : : | 2 , 
po) 2c! foc tt aw ee 8. ——<75 (PO 1X107-2X107 | -3X107 «4X107 5XIG7 6X107 
x Paar , Sedan ; ry : 
T ( T a ' f * 
DARE uae es ae. Cl (R) (CINTERNAL + CEXTERNAL! 
‘on STACK R | 
aR igri: UNIT TO UNIT VARIATION = = 12% 
SR 4 % VARIATION FROM 4.5 to 8.5V 
BF AM REFERENCED TO 5V = +7% -4% 
Sark [Po tt | . AMO VARIATION FROM 0°C TO 70°C 
FROM H Tr oRoG =ry ae tier REFERENCED TO 25°C = +6% -9% 
, p41 COUNTER TOTAL VARIATION NOT CONSIDERING 
TIMER PO )=—*P-@ aes Co VARIATION IN EXTERNAL COMPONENTS = + 25% 
Cc igs 
INT. VEC TOR | CM 
'020' © These instructions set status M 
ee L 
t The value of the external interrupt input 1s loaded to 
4 'OAO' | Bit 7 of the accumulator (with Bits 0 through 6 iouded 
with zeros} when the instruction ‘INS 6' isexecuted. This 
RESET b.. . oe 2 —anstruction also sets Stulus 
H 000 nn Reser Trunsfers PO toP and tt PO, P, OC, and OC1 are 12 bit registers 
t ip men clears PO, ICB Bit of W:; : : 
EXTERNAL INTERRUPT. and Ports 4.5.6 and 7. Note The mnstructions Pi und PK are snown 1n two sequential Parts 
(PIT Pi2 and PK, PK 2) 
CLOCK CONFIGURATION 
Figure 8 ~ vec 
RC Mode = 
Crystal Mode External Mode | LC Mode 


XTL 2 


External 
Clock 


eo XTL 1 


’ external 
Open 


:" 
eae ms 


7” 
oo taptrornall 
—_ 


AT Cut 1 — 4MHz 


Minimum R= 4K $2 


C- 26.8pF £2.6)F “ Cowterna 
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(CONTINUED) — 


Minimum QO = 40 


Maximum Cexternal = 30pF 


Minimum L = 0.1 mH 
| i 


Becdeee ey 


Cexterna! (optional) 


ire 


— 7 : ‘SCRATCHPAD REGISTER i INSTRUCTIONS (Refer to Scratchpad Addressing Modes): 


iaaiied | 


-MNEMONIC OPERAND 


FUNCTION 
OP CODE _ . 


; —— 
lage Binary AS r A«(A)+(r) 
j Add Decimal | ASD - wife A+ (A)+(r) 
i Decrement — BS F r«(r)+H'FF! 
| Load LR A,r A+«(r) 
| Load LR A, KU A+«(ri2) 
' Load AR A,KL A+ (r13) 
Load LR A, QU Ae (rt4) 
_, Load OR A, A«(r15) 
| Load | LR r.A r+ (aA) 
i Load LR OKLA ri3+ (A) 
| Load LR QU,A ri4« (A) 
| Load. LR QL, A r15+ (A) 
And NS r A+(A)A (r) 
: Exclusive OR xs r A+ (A)®D (r) 


| OPERATION 


: OP _CODE | | CODE BYTES 
| Disable eee DI RESET 1 CB 1A 1s 
, Enable Interrupt® EI SET ICR. Ww ae 
i Input . ' IN 04,05, 06, 07 ‘A+ (Input Port aa) ‘26aa 2 
_ | Input Short © INS 0,1 A+ (Input Port 0 or 1) AO,A1 1 
| Input Short INS ~~ 4,5,6,7 A+«(Input Port a) Aa 1 
: Load ISAR LR -. IS,A IS. « (A) OB 4 
i Load ISAR Lower LISL bbb) ~—-—sISL + bbb 6(Obbb)#*# = 1 
| Load ISAR Upper — LISU bbb = s«sISU + bbb 6(1bbb)## 1 
-} Load Status. Register® LR oo a Me ( rg) 1D 1 
| No Operation a . NOP a PO (POET = 2B Ft, 
SP Oubput® es i OUT 04,05,06,07 Output. Port aa a +(A) = 2Taa 2 
| Output Short es OUTS Pe 4,5, 6, T Output. Port a<(A) | BO,B1> 1 
| Store ISAR BR os BEB eS): ‘Ba te 
Store Status. Register et Seeereee A boned Le +(. 0A 1. 
ee fae 1E 1 


j 

| 

i Privileged Ineteystion 
**b = 1 bit immediate operand 


MNEMONIC 0 PE RAND FU NC TION . 


MACHINE 


CODE __—sBYTES_ 


 ] 
~ 


MACHINE 


_SHORT LONG 


tw o 


SHORT LONG 


Ce Ce ee ee ee ee ee ee ee 


uS 
(2MHz 4) 


$)__OVR ZERO. 


NVYNNNNNNNNNW EW, 


VN OFONENNN®WEAN WD 


‘STATUS BITS 
CRY SIGN_ 


470 1/0 1/70 1/0 
1/9 1/0 1/0 1/9 
170-170 1/0 1/0 


2 Se etactae e arten ae ematinns¢stemete te yatta me teeny oe mtn pe ate 8 ems oan ten el seems memmneeeer 


STATUS BITS 
OVR ZERO CRY SIGN 


| 
0 170.0 #170 | 
0 170 O 170°] 
0 1/0 0 1/0 | 
a ee S i 
a ea ee 
=” oe aay ees IG 
170 1/0 = 1/0 10 | | 
See 
| L. 
TST, ae 
‘dak 
} 


NOTES. 
H 

Lower case denotes variables specified by programmer _ 
Function Definitions 1S 

. SL 
Soe is replaced by ISU 
() the contents of J 
) Binary ‘1's’ complement of K 
+ Arithmetic Add (Binary or Decimal) KL 
@ Logical “OR” exclusive KU 
A Logical “AND” PO 
Vv Logical “OR” inclusive POL 
H’' Hexadecimal digit POU 
{( 0} Contents of memory specified by ( ) P 
a ‘Address Variable (four bits) PL 
A Accumulator PU 
b One bit immediate operand Q 
DC Data Counter (Indirect Address Register) QL 
0C1 Data Counter 1 (Auxiliary Data Counter) Qu 


Mul 371 re 
3/0 » (CONTINUED) 


Least significant 8 bits of Data Counter Addressed ¢ 
Most significant 8 bits of Data Counter Addressed w 


Scratchpad Register 10 and 11 

‘Immediate operand (four bits) 

Interrupt Controt Bit 

Indirect Scratchpad Address Register 

Least Significant 3 bits of ISAR 

Most Significant 3 bits of ISAR 

Scratchpad Register 9 

Registers 12 and 13 

Register 13 

Register 12 

Program Counter 

Least Significant 8 bits of Program Counter 
Most Significant 8 bits of Program Counter 
Stack Register 

Least Significant 8 bits of Program Counter 


Most Significant 8 bits of Active Stack Register 


Registers 14 and 15 
Register 15 
Register 14 


Scratchpad Register (any address O thru 8) (See Below) 


Status Register 


Scratchpad Addressing Modes Using 1S. (r # 0 thru B) 


r= HC’ Register Addressed by 1S is (Unmodified) 
r=H’'f)’ Register Addressed by !S is Incremented - 
tHE’ Register Addressed by |S is Oecremented 
r=H‘F° IHegal OP Code. 
Status Register 
— No change in condition 
1/0 is set to ‘1’ or’‘0" depending on conditions. 
CRY Carry Flag 
OVR Overflow Flag 
SIGN Sign of Result Flag 
ZERO Zero Flag 

1 y ] ’ 


H-37] 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS® 


Temperature Under Bigs.....-eescecrrsec er tess seers e eee Scdnokiine Bie 


Storage Temperature..... Datars Os oats Po ea et re ee re 
Voltage on Any Pin With Respect To Grouns (except open drain YU) 


Power Dissipation......---.ceereeser erste eoenevaoes @ eos se ts oe RS aTenene ces ee se ee ewe ° 


Power Dissipated by any one 1/0 pin4 agen eG ea ee 
Power Dissipated by all 1/O pins#.....-------- oo pay gage cutee meyers ts 


"A.C. CHARACTERISTICS —See Figure 12 and 13 for Timing Diagrams 


Ta = 0°C to 70°C, Vcc = SV : 10%, 1/0 POWER DISSIPATION < 100mW 


: PARAMETER 


Time Base Period, 
internal oscillator 
Time base period, all 


: tolINT) 


| torexr | 


5 external modes 
XTL2 | tex(H) = | External Clock Pulse Width 
. | : an - pe ‘High | 
| TEX(L) 


Output delay from 
internal WRITE Clock 


Input Setup time 
to WRITE Clock 


‘Output valid to STROBE 
Delay 


STROBE Low Time 
RESET Hold Time, Low — 


EXT INT Hold Time, 


~ Active and Inactive State - 


71 (CONTINUED) 


~65'C to +150 C 


4MHz . 1.0MHz 


STROBE Load= 
—50pF +3 TTL 


Sth 12th 

-250 +250 
6tp> 
+750 


moeita a 444-371 
ea, 


Unmeasured 
Pins 
Grounded 


DC CHARACTERISTICS - See Figures 12-17 for typical curves. 
Ta =0°C to 70°C, Vcc = +5 10%, 1/0 POWER DISSIPATION < 100mW | 


| SYMBOL Pm | max | UNIT TEST CONDITIONS 
[= [=f eee] 
ee ee ee 
7 External Clock Vv | 
IHEX Input High Level 
y External Clock V 
ILHEX Input Low Current : 
i External Clock _ ; eee ? 
t External Clack ; 
{ t rs . 
Input High Level 
Open Drain Input vy | 
High Level - a 
Input Low Level . | 
Vv 
\ Input Low Current . | —- 
| IL Ports, RESET2, EXT INT2 Vipr0.4V | 


— 


od 


Leakage Current +10 
I Open drain ports, RAMPRT 5 pA 
Resets, Ext ints es 
aa ; Output High Current. ie 
i lon” Standard ports, RESE T2 ahs Vou 2.4V 
EXT INT2 BA Von73.9V 


OUTPUT High Current 
Direct Drive Ports 


Output Low Current 
{ : 
5 


“DCCHARACTERISTICS (Contd) | | | AC TIMING DIAGRAM 


: Figure 10. 
NOTES: ~ 
Vou: 04av. 
5 | Guaranteed. 1V less. 
Eee EC teraner Weer rae neice, _ thanViyforRESET 
C—O OTe Guaranteed .1V Jess. 
a : dn Vit for RESET ~ External Clock 
Internal Clock | 
1. RESET and EXT. INT have: internal ‘Schmit triggers giving: minimum .2V hysteresis. 
2. RESET or EXT INT programmed with standard pull-up" 
3. ‘or EXT INT programmed without: standard pull-up - 
4. Power dissipation for 1/0 pins is calculated byE(Vc¢ - viv) dub +3(VEC- Von? « foul +31V9u) lion) 
TIMER AC CHARACTERISTICS. ; 
Definitions: “1/O Port Output) 
Error al Indicated time wiles actual’ time. wali: pa CER: Sh cates : 
tse = tox Prescale Value. 
Interval TimerMode: ts | ed a 
| feelin Ga Sica oe _ STROBE 
-. Single interval error, free running (Note | a os ead ee arnaiaes ee .. t6to- os 5 4S 
Cumulative interval error, free running (Note 3). Honiley id wen Big ie WINS e 4 Gee aabey ob eas hr oad UMass O° 
Error between two Timer reads (Note'2)....... peg eee eer Sal als 9 oe Cag wale ee ‘tltpse +b) 
Start Timer to stop Timer error (Notes 1. 4) Re dig Grea eeaere a's beeen ee eee AP to. —(tpse +tb) 
Start Timer to: read Timer error (Notes 1,2) ...... i ee ee to —(tpse'+ 7tb). 
Start Timer to interrupt request error (Notes: 1 3). sowie an isl henuraiqecetaa << arainate . =2t® to —8tb 
Load Timer to stop Timer error (Note 1) ............... peer ke Se +t? to —(tpsc + 2th) 
Load Timer to:read Timer error (Notes 1. 2). eeu win a wees bikes ter tiaars —5t® to —(tpse + 8th) | 
| Load Timer to interrupt request error (Notes: NY ike eu eG a tle oo ae ane ts —2t > to —9te , RESET 
Pulse Width Measurement Mode: | | 
Measurement accuracy (Note 4)... 0.0.0.0... 00. cece ee erry, +t to —(tpsc +2t ) 
Minimum pulse width of EXT INT pin... 2... ce cee cee cc eee c nc ewccccece 2th 
Event Counter Mode: 
Minimum active time of EXT INT pin. Siaiceams cleavaecatahld ivenad arta at a bcp Bud aera ita 8 alte ear at acne 2th 
| Minimum inactive time of EXT INT pin eater es sea Ace Wataseleaite ca witns ar aie did aanaite, acer eee yiCD 
Notes: , | ae ICP BIT 2:0 
1. All times which entail loading, starting, or stopping the Timer are referenced from the end EXT INT 


of the last machine cycle of the OUT or OUTS instruction. 


2. All times which entail reading the Timer are referenced from the end of the last machine 
cycle of the IN-or INS instruction. 


3. All times which entail the generation of an interrupt request are referenced from the start 
of the machine cycle in which the appropriate interrupt request latch is set. Additional 
time may elapse if the interrupt request occurs during a privileged or multicycle instruction. 


4. Error may be cumulati:::. ‘“ -neration is repi:tit'vely nerformed. Note: All measurements are referenced to Vi_ max., VIH min., VOL max., or VOH min. 
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icP BIT 2:1 


DIRECT DRIVE 1/0 PORT SOURCE CAPABILITY 
(TYPICAL AT Vcc = SV, Ta = 25°C) : 
Figure 15 


‘DIRECT DRIVE 1/0 PORT SOURCE CAPABILITY 
(TYPICAL AT Vcc = 5V, TA* 25°C) 


td 18 

™ Oa a Se 
p Fee eee 
@ poe 
¢ Soseeneeneeeee 
= 4, ee eee ae 
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OUTPUT VOLTAGE 


1/0. PORT SINK CAPABILITY 
(TYPICAL AT Vcc = SV, TA = 25°C) 


Figure 16 
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OUTPUT VOLTAGE . 


MAXIMUM OPERATING TEMPERATURE vs. 1/0 POWER DISIPATION 
Figure 17 | : 


7 MK3870N/14XXX 
| MK3870P/14XXX___ 


PACKAGE DESCRIPTION 
40-Pin Dual In-Line Ceramic Package 


~«fiRé70"" 


Symbolization Ares For 
Identification of Pin 1 


mer - 4 fo onrse  gestve | ae _ 
TTY | Tray La eke 
- aS. a 4 
me SS 


19 EQUAL SPACES 10021900 =r mer 
2000 8EF 


{je 018 


| t fs" | 
|o—Pin SPACING (SEENOTE 1) l2smaine jo———— 625 $=0025 ——ol| 


oe O10 
“ORDERING INFORMATION 
PART NO | PACKAGE TYPE “TEMPERATURE RANGE _ 


Plastic be es O°C to +70°C | 


Ceramic . OC to +70°C 


STROBE SOURCE CAPABILITY _ 
_ INPUT/OUTPUT AC TIMING. Oo Weer ees re | ; . ,Rignre 12 | | 


fee ete! re, an en 
CYCLE TIMING © mee ace 


"DEPENDS ONINSTRUCTION | 


mazcow 


saccesgeneesereeeri 
a es oe 
CCE SSCECCor 
CEPT CEE Phe 


- §. 


PS sA2mzzen 


A. INPUT ON PORT sons Bee OUTPUT VOLTAGE 
i tee STROBE SINK CAPABILITY pone 


CYCLETIMING = (TYPICAL AT Vcc = 5V, TA = 25°C) 


INTERNAL "DEPENDS ON INSTRUCTION = Figure 93 


| FETCHED | 


"ACCUMULATOR 
CONTENTS © 
ON DATA BUS 


/ PORT ADDR. 
| ONDATA 
~ BUS 


PORTPINS | 


PE 4+2mpzcoO z2-Hw | 


‘FORTWOWRITE 
CYCLES. 


as 
| Zi | Ty 


1 2 3 


t1/0-§ --. | OUTPUT VOLTAGE 


8. OUTPUT ON. PORT 40R 5 


STANDARD 1/0 PORT SOURCE CAPABILITY 
(TYPICAL AT Vcc = 5V, Ta = 25°C) 


INTERNAL Figure 14 


WRITE 
CLOCK 


NEXT 
OP CODE 
FETCHED 


INS 0,1 
_ | FETCHED | 


>EB +~AZmMa2ceE mozxcow 


° ©. INPUT ON Fort ORG ' D. OUTPUT ON PORT 0, 1 


OUTPUT VOLTAGE 


ABSOLUTE MAXIMUM RATINGS 


WATT 
75°C/WATT 


DC ELECTRICAL CHARACTERISTICS 
SYMBOL 


seo “PARAMETER : 


TATTLE * 


EQUATIONS | 
IF (/0C) Y4 = ADMUX*/MAG+/ADMUX*/PSEL*/MA11+/ADMUX*PSEL*/SA11 


‘ 


[to LYE, PLT WOLTASE — “TF (/0C) YS = ADMUX*/MA5+/ADMUX*/PSEL*/GRPH*/MA12+/ADMUX* 
Tym fl ieH Leven Input voLTAGE I et opus rancor ra he ERIETIC 
Vic INPUT CLAMP VOLTAGE = S.foy 4006 : IF (/0C) Y6 = ADMUX*/MAG+/ADMUX 
Piss uv. .ev werent cc = §.25V Vi = 0.4V_ IF (/0C) Y7 = ADMUX*/MA7 
Mian T HIGH-LEVEL INPUT CURRENT |__| 
May [Max INPUT CURRENT 


LOW-LEVEL OUTPUT VOLTAGE 


| | Dur eu Vi = 1.82V 
[ ouTPut SHORT CIRCUIT CURRENT | -30 | 
| a MD ee 
AC ELECTRICAL CHARACTERISTICS sv +5% 0°C - 75°C pees ne” ae 
| : | | Dut 70.0. Ve= Z.17V 


[HITS] UNITS] TEST CONDITIONS” oe 
MIN | MAX | oa) CA ea ore ee 


= ae _“T7 GOpF 

& FIGURE NO. 1 

: ae aod ne AC PARAMETER TEST LOAD 
| FIGURE NO. 1 


~ | . Hee a tai 


PRODUCT TERMS (0-43) 


$23.08 sor oem “abet eth pias, eNnD rena nanny 


: | E PuSHiSHeHieuiEie ee an ae 
= “TTT jimmiiiiNiiin ire | 
HS Pease if | eesti Ra 


os —, 


a ee STAT oat 
: A 


ae <7] 
eae me 
m2 


os Heiees 
Cea i 


rey Bhan a 
a SHSM aii] see 
LMA MTT lait S 
o-H Soe Ea enemese 


od 
“ a. 
am 
ae ae Setieilsia ishiaiiniia (on | “ 


Gt d HOP HOD ARtdIerD OBO IE TD sege ated «Beam ae BERET 


@Hivacni 


32768-word x 8-bit UV Erasable and Programmable ROM 


| FEATURES | 


® Single Power. Supply . . es Moats lash 
@ High Performance Programming i 


@ Static ......--2 ee gitegoeee 

© Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

@ Access Time .....--02 20ers 


@ Absolute Max. Rating of Vo, pin. . 
@ Low Stand-by Current ........-.- 


@ Compatible with INTEL 27256 


® BLOCK DIAGRAM 


@ MODE SELECTION 


S| 
Mode (20) | 


Read 
Output Disable 
Stand by 


Program Verify 
Program inhibit. 
Note) X: Don't care. 
@ ABSOLUTE MAXIMUM RATING 
Item 
Operating Temperature Range _ 
Storage Temperature Range 
Storage Temperature Range Under Bias 
All Input and Output Voltages* 
Voltage on Pin 24 (A,)* 
Vpp Voltages 
Voc Voltage® 
* with respect to GND. 


- Automated Programming 


an 

a 

| Yin 

High Performance Program Vin | 
[im _| 

7a 


#4-U405 


HN27256G-25, HN27256G-30— 


Preliminary 


+5V + 5% 
Program Voltage: +12.5V 
D.C. 


Operations 
No Clocks Required 


HN27256G-25: 250ns(max.} 
HN27256G-30:300ns(max.) 
13.0V 

40mA (stand-by) 


(Top View) 


“A r : 
ADDRESS 


SMIGH TERESHOLD | 
INVERTER 


| Outputs 
(11 ~ 13,15 ~ 19) 

Veo | Yeo _| Dout 
x | vee | Yee High? 


Tx |x | Vee | Vee | . High Z 


7 CT 
V pp Voc Dout - 
| Vin 


Voc High Z 


+ eee: 


Note: The specifications of this device are subject to change without notice. 
- Please contact your nearest Hitachi's Sales Dept. regarding specifications. 


Toes -10 to +80 °c 


27256-30 


#UYY-) 5 
-404 
®@READ OPERATION 27256-3 ( 
© DC AND OPERATING CHARACTERISTICS (7e=0~+70°C, Voc=5V25%, Vpp=Vcc) 

Parmeter | Symbol | _TestConditiom | Min. | Typ. | Max. Uni 
input Leakage Current | fur | Vwessv | - | - | to | oA 
Output Leakare Current | tro | Vowr=ssvioasy | - | - | 10 | HA 
Vee Curren a EL 
Voc Canent (Standby) | lecs | Ce=Ym | ~~ | - | 40 | ma 
Voc Current (Active) | lece | CE = OE = Vi, F - [{ 4s | 100 | mA 
inputtowvolores | Ye | Ot [Te 
inputHign Votre | Ym | | 2 | = ect (| 
OuipatLowVelare [| Yon | fouszima | = [ - | os | OV 
Output HighVoltee | Vow | lows —400va | 24 [ = [ - | 


- @ AC CHARACTERISTICS (7e=0~70°C, Voc=SV#5%, Vpp=Vcc) 


Test Condition HNZI 6G 25 [HN27256G-30_| Unit 


dal min, [max [min [max | 
CE to Output Det tee [aso [= [300 
OE to Output Delay | tor | 100 P= | 120 | ns 
OE High Output Float | tor | 60 fo {10s | ns 
Address to Output Hold | ton | = fo [= | ns 


- @ SWITCHING CHARACTERISTICS 


@ TEST CONDITION os . 
@ Input pulse fevels: 0.8V to 2.2V 
“@: Input rise and fall time: | S20ns 
-@ Output load: 1 TTL Gate +100pF. 
@ Reference level for measuring timing: Inputs; 1.0V and 2.0V 

adie Outputs ;0.8V and 2.0V_ 

| Adres aaa Se 
a Sk : 4 cae aera oe = ° izes | ) 


tur me te : 


oun EEE 


Th . ‘formance Programming algorithm shown in following flowchart. This © DC PROGRAMMING CHARACTERISTICS (Te=25°C15°C, Vec=6V#0.25V, Vpp=12.5V40.3V). 


time without any voltage stress tothe device nor deterioration in 


i “Parameter : 


Input Leakage Current) 


Output Low Voltage During Verify 
Output High Voltage During Verify ~~ 


Vee Current (Active) a eo 


Parameter | 
AddressSetup Time 
OE SetupTime 
DataSetupTime 
Address Hold Time 
DaaHodTime 
OEtoOutputFloatDelay = typ 
VppSetupTime = yg 
PGM Pulse Width During Initial Programming | tpw 

CE Pulse Width During Overprogramming. | tort 
Data Valid from OE | 
Notes: topwis defined as mentioned in low chart, | : 

Epp defines the te output achieves the open circuit condition and data is no longer driven, 


1 
oe) 


Address + 1--Address, 


‘SET. READ MODE 
- Veo =Ver=$.0V.240.25V 


.~ 
a 


78.75 | oms 


READ. 
All Address 


& 
a 


‘time at which th 


High Performance Programming F flowchart 


Erasure of HN27256G is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to “1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 


for erasure is 15W. sec/cm?. 


HAAH- 1105 (CONTINUED) 
27256-30 


- NOTE: These curves are representative only. Individual responses may differ. 


6 6B /DIVISION . 


5S dB/DIVISION | 


Wktz 20 30 40 60 


_ TVPICAL TRANSMIT RESPONSE 


60 70 
2 


TYPICAL FREE FIELD RECEIVE RESPONSE 


4473-35 ULTRASONIC ELECTROSTATIC TRANSDUCER 


50 
2 


4473-35 ULTRASONIC 
ELECTROSTATIC 
TRANSDUCER 


f 
/ 


\\ 


\ 


THUY 
i / / Wy) Uf Losa=ssS S \ 


| MH AUC gu thi 


! 


Note: dB normalized to on-exix response TYP An eee | 


SPECIFICATIONS | | 
SABLE TRANSMITTING FREQUENCY RANGE SEE GRAPH 
USABLE RECEIVING FREQUENCY RANGE SEE GRAPH 
BEAM PATTERN | SEE GRAPH | 
MINIMUM TRANSMITTING SENSITIVITY AT 50 KHz 1G7 a8 
300 VAC PK-PK, 150 VDC BIAS 
(dB re. 20 pPa AT 1 METER) 
MINIMUM RECEIVING SENSITIVITY AT 50° Hz -4S dB 
160 VOC BIAS ( dB re Iv /Pa) 
SUGGESTED DC BIAS VOLTAGE 150 V 
SUGGESTED AC DRIVING VOLTAGE (PEAK) 150 V 
MAXIMUM COMBINED VOLTAGE 400 V 


CAPACITANCE AT 1 KHz (TYPICAL) 
"460 VOC BIAS 


OPERATING CONDITIONS . 
TEMPERATURE _ 32 
- 95% 


RELATIVE HUMIDITY _ ‘5% 


yy Z 2 a 


Sa 


boo - 500pF - 


2° - 140°F 


This is for all the vintage tech’and robotics people out there, and for all past, 
present and future HERO owners out there! 


Keep the dream alive. -F 


